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Preface

The purpose of this technical report is to provide current documentation of the the Sensor Intercomparison and Merger
for Biological and Interdisciplinary Oceanic Studies (SIMBIOS) Project activities, NASA Research Announcement
(NRA) research status, satellite data processing, data product validation, and field calibration. This documentation is
necessary to ensure that critical information is related to the scientific community and NASA management. This critical
information includes the technical difficulties and challenges of validating and combining ocean color data from an
array of independent satellite systems to form consistent and accurate global bio-optical time series products. This
technical report is not meant as a substitute for scientific literature. Instead, it will provide a ready and responsive
vehicle for the multitude of technical reports issued by an operational project.

The SIMBIOS Science Team Princi pa Investigators (Pls) original contributions to this report are in chapters four and
above. The purpose of these contributions is to describe the current research status of the SIMBIOS-NRA-99 funded
research. The contributions are published as submitted, with the exception of minor edits to correct obvious
grammatical or clerical errors.
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Chapter 1

An Overview of SIMBIOS Project Activitiesand
Accomplishments During FY02

Charles R. McClain
NASA Goddard Space Flight Center, Greenbelt, Maryland

Giulietta S. Fargion
Science Applications International Corporation (SAIC), Beltsville, Maryland

In many respects, the past year has been one of the most eventful for the satellite ocean biogeochemistry community with
the launches of the Aqua Moderate resolution Imaging Spectroradiometer (MODIS), the ENVISAT Medium Resolution
Imaging Spectrometer (MERIS), the ADEOS-I1 Global Imager (GL1), and the ADEOS-II Polarization and Directionality of the
Earth’s Reflectance (POLDER-II) sensors, as well as a one-year extension of the Sea-viewing Wide Field-of-View Sensor
(SeaWiFS) data buy contract. However, the past year has also been one of transition for the SIMBIOS program as NASA
Headquarters decided to discontinue the program in its present form. The rationale centered on three considerations. The first
was a desire by Headquarters (HQ) to integrate the various ocean color calibration and validation activities of the SIMBIOS,
SeaWiFS, and the MODIS programs under a common ocean color team which would also include investigators supported
under the NASA Ocean Biogeochemistry program. While the three ocean color projects have separate management and
funding structures, they have been coordinated and mutually supportive with little redundancy. The second consideration
stems from initial problems with MODIS ocean data quality and accessability which has made it imperative for NASA focus
its available resources on MODIS ocean calibration and validation. The third consideration is the National Polar Orbiting
Environmental Satellite System (NPOESS) Preparatory Project (NPP) which is scheduled to launch in 2007. NPP includes the
Visible Infrared Imaging Radiometer Suite (VIIRS) which will provide ocean color data products after MODIS. VIIRS has a
design with incorporates a SeaWiFS-like rotating telescope, focal planes similar to MODIS, and a basic set of ocean color
bands which does not include the MODI S fluorescence bands. HQ has asked that the VIIRS ocean color data processing build
on the expertise and systems resident at Goddard Space Flight Center (GSFC). Initial NPP discipline processing data system
formulation has begun and development should be well underway by 2004. As aresult, much of the SIMBIOS Project’s effort
this past year has centered on the fourth SeaWiFS reprocessing and on assisting the MODIS ocean team. Conseguently, the
Project has had to assume a less proactive participation in the international missions.

Nonetheless, during FY 02, the Project made substantial progress and contributions in a variety of activities including the
following:

Assisting the SeaWiFS Project with the fourth reprocessing, particularly in the area of product validation using match-up
data contributed by the SIMBIOS Science Team.

Continued development and documentation of the SeaWiFS Bio-optical Archive and Storage System (SeaBASS; Werdell
and Bailey, 2002) including 310 new cruise data sets and 102 cruise updates provided by the SIMBIOS Science Team.
Continued refinement of sun photometer calibration and data analysis procedures (Knobelspiesse et al., in press) and
incorporation of the data products into SeaBASS.

Completion of the third revision of the in-situ measurement protocols (Mueller et al., 2002).

Documentation of the second SIMBIOS calibration round-robin (Meister et al., 2002) and completion of third which
included three laboratories associated with MODIS ocean team members (NASA Wallops Flight Facility, University of
Miami, and the University of South Florida).

Development and support of a website for the diagnostic data sets which presently includes data from SeaWiFS and
MODIS (Terraand Aqua).

Evaluations of various data merger methodologies and the routine merger of global SeawiFS and MODI S products.
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Support of MODIS processing and product evaluations including match-up analyses (bio-optical and atmospheric), and

SeaWiFS-MODIS data product comparisons and diagnostic analyses (e.g., time series analyses and scan modulation
effects).

More detailed descriptions of these achievements are provided in subsequent chapter by Project staff.

In 2003, the SIMBIOS Project will continue its active support of the SeaWiFS Project (the SeaWiFS program was recently
extended for one year) and MODIS (Terra and Aqua) programs to help ensure that the next reprocessing of each data set
provides even higher quality products. The SIMBIOS Project will also assist the MERIS, GLI, and POLDER teams by
providing in situ match up data sets and by maintaining the diagnostic data sets for product comparison, but support beyond
this level will be limited. The Project will participate in a CalCOFI cruise being organized in support of GLI validation. Other
ongoing activities will include continued maintenance of SeaBASS, the collection and processing of sun photometer data, the
completion of the calibration round robin, and the merger of SeaWiFS and MODIS data. The Project Office will continue
business functions well into FY04 to properly close out the science team contracts. Finally, the Project will begin initial
preparations for VIIRS calibration, validation, and data processing.

Smbios Project Publications in 2002

Barnes, R. A., D. K. Clark, W. E. Esaias, G. S. Fargion, G. C. Feldman, and C. R. McClain, Development of a consistent multi-
sensor global ocean color time series, Int. J. Remote Sens.,in press.

Bailey, S, C. Pietras, K. D. Knobelspiesse, G.S. Fargion, and C.R. McClain, 2002: The SeaWifs Aerosol Product Compared to
Coastal and Island In Situ Measurements, Spring 2002 American Geophysical Union Meeting, Washington, DC.

Fargion, G., and C. R. McClain, 2002: SIMBIOS Project 2001 Annual Report, NASA/TM-2002-210005, NASA Goddard Space
Flight Center, Greenbelt, Maryland, 184 pp.

Gross, L, R. Frouin, C. Pietras, K.D. Knobelspiesse and G.S. Fargion, 2002: Non-supervised Classification of Ground-based
Radiometer Retrievalsin Order to Assess the Natural Distribution of Aerosol Volume Size Distributions and Refractive
Indexes, Spring 2002 American Geophysical Union Meeting, Washington, DC.

Kilpatrick, K., E. Kearns, E.J. Kwiatkowska-Ainsworth, and R.L. Evans, 2002; Time Series of Calibrated Ocean Products from

NASA's Moderate Resolution Scanning Spectrometer (MODIS), Proceedings of the Ocean Sciences Meeting, Honolulu,
Hawalii.

Knobelspiesse, K. D., C. Pietras, and G. S. Fargion, Sun pointing error correction for sea deployment of the Microtops Il sun
photometer, J. Atmos. Oceanic Tech., in press.

Knobelspiesse, K.D., C. Pietras, M. Miller, M. Reynolds, R. Frouin, P. Quinn, P-Y. Deschamps, J. Werdell, and G.S. Fargion,
2002: Comparison of In Situ Aerosol Data from the ACE-Asia 2002 Experiment, Spring 2002 American Geophysical
Union Meeting, Washington, DC.

Kwiatkowska E. and G.S. Fargion, 2002: Merger of Ocean Color Datafrom Multiple Satellite Missions within the SIMBIOS
Project, Proceedings of SPIE's Symposium on Remote Sensing of the Atmosphere, Ocean, Environment, and Space,
Hangzhou, China.

Kwiatkowska E. and G.S. Fargion, 2002: Merger of Ocean Color Information from Multiple Satellite Missions under the

NASA SIMBIOS Project Office, Proceedings of the Fifth International Conference on Information Fusion, Annapolis,
Maryland, 291-298.

Kwiatkowska-Ainsworth, E. 2001: Merger of Ocean Color Information of Different Spatial Resolution: SeaWiFS and MOS,
Eos Trans. American Geophysical Union, vol. 82, no. 47, F675 (OS52A-0514).
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McClain, C. R., W. Esaias, G. Feldman, R. Frouin, W. Gregg, and S. Hooker, 2002: The Proposal for the NASA Sensor
Intercalibration and Merger for Biological and Interdisciplinary Oceanic Studies (SIMBIOS) Program, 1995, NASA/TM-
2002-210008, NASA Goddard Space Flight Center, Greenbelt, Maryland, 63 pp.

Meister, G., and others, 2002: The First SIMBIOS Radiometric Intercomparison (SIMRIC-1), April-September 2001,
NASA/TM2002-210006, NASA Goddard Space Flight Center, Greenbelt, Maryland, 60 pp.

Meister, G., and others, Comparison of radiance calibrations at oceanographic and atmospheric research |aboratories,
Metrologia, in press.

Meister, G., G.S. Fargion and C.R. McClain, 2002: Monitoring the Radiometric Stability of the SeaWiFS Transfer Radiometer
I, Spring 2002 American Geophysical Union Meeting, Washington, DC.

Mueller, J. L., and others, 2002: Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 3, Volumes 1
and 2, J. L. Mueller and G. S. Fargion (eds.), NASA Tech. Memo. 2002-210004/Rev3-Voll and —Vol2, NASA Goddard
Space Flight Center, Greenbelt, MD, 308 pp.

Mueller, J. L., and others, 2002: Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 3, Volume 2, J.
L. Mueller and G. S. Fargion (eds.), NASA Tech. Memo. 2002-210004/Rev3-Vol2, NASA Goddard Space Flight Center,
Greenbelt, MD, 171 pp.

Pietras, C, K.D. Knobelspiesse, S. Bailey, J. Werdell, R. Frouin, M. Miller, G.S. Fargion and C.R. McClain, 2002: SeaWiFS
Aerosol Product Comparied to In Situ Measurements Over Open Oceans, Spring 2002 American Geophysical Union
Meeting, Washington, DC.

Van Heukelem, L., C. S. Thomas, and P. M. Glibert, 2002: Sources of Variability in Chlorophyll Analyseis by Fluorometry
and High-Performance Liquid Chromatography in a SIMBIOS Inter-Calibration Exercise, G. S. Fargion and C. R.
McClain (eds.), NASA/TM-2002-211606, Goddard Space Flight Center, Greenbelt, Maryland, 50 pp.

Werdell, P. J, and S. W. Bailey, 2002: The SeaWiFS Bio-Optical Archive and Storage System (SeaBASS): Current
Architecture and Implementation, G. S. Fargion and C. R. McClain (eds.), NASA/TM-2002-211617, Goddard Space Flight
Center, Greenbelt, Maryland, 45 pp.
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Chapter 2

SIMBIOS: Science Team and Contracts

Giulietta S. Fargion
Science Applications International Corporation (SAIC), Beltsville, Maryland

2.1 SCIENCE TEAM

The Science Team is selected through a NASA Research Announcement (NRA). Presently, NASA has had two NRA'’s, in
1996 and 1999. NASA HQ manages the process of team selection, but the Goddard Space Flight Center (GSFC) NASA
Procurement Office handles the team contracts, work statements and, if necessary, budget negotiations. The Project funds
numerous US investigators and collaborates with several international investigators, space agencies (e.g., NASDA, CNES,
KARI, etc.) and international organizations (e.g., IOCCG, JRC). US investigators under contract to provide in situ atmospheric
and bio-optical data sets, and develop algorithms and methodologies for data merger schemes. NASA GSFC Procurement
requires formal evaluations for al contracts at the end of each contract year. These evaluations go into a database and are
shared with the PI’ sinstitution or upper management.

Chapters 4 to 20 contain the individual PI’s contributions and describe the funded research topics, field study activities, and
results of concluded research. Chapters 21 to 24 contain the international contributions. These chapters are reproduced as
submitted with minimal editing by the Project Office.

2.2CONTRACT OVERVIEW

The second-year of the SIMBIOS NRA-99 contracts ended on November 30, 2002. The SIMBIOS Project scheduled a
telephone conference (telecon), of about 30-45 minutes, with each Pl and other appropriate staff during the month of October.
Prior to the telecon, the SIMBIOS Project reviewed each contract, the statement of work, and the agreed to deliveries. The
Project Office followed the same procedure used in 1999 and coordinated an inside panel with key contract and project
personnel to perform an across-the-board evaluation of all funded contracts (Table 2.1).

Table 2.1 Contract evaluation key personnel

Contracting Officer: Lynne Hoppel
Contracting Assistant: Kathy Lingerfelt
Resource/Financial Officer:  Patty Clow & S. Reising
Manager , SIMBIOS Project:  Giulietta Fargion
Manager, Office for Global

Carbon Studies: CharlesMcClain

The four categories to be evaluated are suggested in the “Evaluation of Performance” from the Federal Acquisition
Regulation (FAR) 42.15 and NASA FAR Supplement (NSF) 1842.15 or NASA form 1680 used by GSFC. Under the “quality”
category the following are considered:

data quality and completeness;

ancillary information provided on the data (metadata);

the data's usefulness in relation to SIMBIOS goals, i.e., calibration, validation, and algorithm development; and
quality of technical reports.
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The “time” category is a mixed bag, but is viewed with respect to data and documentation (monthly and year-end reports,
and special topic publications) and delivery times. Under the “other” category is considered:

scientific publications and scientific achievements,
science team collaboration and involvement; and
other significant events occurring during the contract period evaluated.

As aresult of the formal evaluation and telecon with the SIMBIOS Pis, al but two investigators were evaluated as good or
very good. The GSFC Procurement Office implemented and executed 12 second-year options. Presently, the Project has in
place 12 contracts, 4 interagency agreements and 2 NASA investigations. Further details on the research status and progress
reports can be found on our web site at http://simbios.gsfc.nasa.gov/status.html.
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Chapter 3

SIMBIOS Project Data Processing and Analysis Results

Giulietta Fargion, Bryan Franz, Ewa Kwiatkowska and Christophe Pietras
Science Applications International Corporation (SAIC), Beltsville, Maryland

Sean Bailey, Joel Gales and Gerhard Meister
FutureTech Corporation, Greenbelt, Maryland

Kirk Knobel spiesse and Jeremy Werdell
Science Systems and Applications Inc., Greenbelt, Maryland

Charles McClain and Gene Feldman
NASA Goddard Space Flight Center, Greenbelt, Maryland

3.1INTRODUCTION

The SIMBIOS Project is concerned with ocean color satellite sensor data intercomparison and merger for biological and
interdisciplinary studies of the global oceans. Imagery from different ocean color sensors (OCTS, POLDER, SeaWiFS, MOS,
OSMI and MODIS) can now be processed by a single software package using the same algorithms, adjusted by different sensor
spectral characteristics, and using the same ancillary meteorological and environmental data. This enables cross-comparison
and validation of the data derived from satellite sensors and, consequently, creates continuity in ocean color information on
both the temporal and spatial scale. The SIMBIOS Project Office accomplishments during 2002 year are summarized under (&)
MODIS Terra & Aqua activities (SeaWiFS cross-comparison and data merger), (b) diagnostic data set, () SeaBASS database,
(d) supporting services, (€) sun photometers and calibration activities and (f) calibration round robins. These accomplishments
are described below.

3.2MODISACTIVITIES

3.2.1 Level-3 Data Merger

In coordination with MODIS-Terra Collection 4 reprocessing, the SIMBIOS Project initiated an operational process to
collect and merge MODIS daily global chlorophyll products with SeaWiFS daily products. The input files to this process
consist of MODIS 4.6-km Level-3 binned chlorophyll from the SeaWiFS-analog OC3M algorithm (chlor_a 2 product) and the
standard SeaWiFS 9-km binned chlorophyll from the OC4v4 algorithm (chlor_a product). The merging scheme is a simple
weighted averaging using standard SeaWiFsS time-binning software, however, several changes to the MODI'S data are required
to enable a bin-for-bin match-up with SeaWiFS. First, new software (modbin2seabin) was developed to convert the MODIS
format to a SeaWiFS-like spacebin format. This process is simply a reorganization of the HDF fields, as the SeaWiFS and
MODI S formats use the same, sinusoidal binning approach. This conversion step was limited, however, to MODIS quality zero
data. The second step was to reduce the MODIS 4.6-km spacebin file to 9-km resolution, equivalent to standard SeaWiFS
Level-3 format, using another new software tool (reduce bin_resolution). This is effectively a 4-to-1 spatial averaging,
weighted by the number of observations within each 4.6-km bin.

With SeaWiFS and MODIS in an equivalent, 9-km binned format, the process proceeds using standard SeaWiFS time-
binning software to produce the merged SeaWiFS/MODIS-Terra daily global chlorophyll products. Recently, the provisional
MODIS-Aqua data became available and the SIMBIOS Project was able to incorporate the new data stream into the merging
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process within one day. The Project is now producing a complete set of daily, weekly, and monthly merged chlorophyll
products, including various perturbations such as MODIS-Terra with MODIS-Aqua, MODIS-Terra with SeaWiFS, MODIS-
Aqua with SeaWiFS, and MODIS-TerradMODIS-Aqua/SeaWiFS. Merged products have been generated for the entire MODIS
mission, and they are available through a browser at: http://seawifs.gsfc.nasa.gov/cgi/level3.pI?DAY =05Mar2000&
PER=&TYP=tmsea. The merging process is fully automated and operational, with new products generated as soon as the
MODIS data becomes available. The merged products can be displayed and manipulated with standard SeaWiFS software
tools such as SeaDAS.

3.2.2 Time-Series Analysis

The SIMBIOS Project has collected the entire MODIS Oceans archive of global 8-day binned products for chlorophyll and
several water-leaving radiance fields, covering the period from March 2000 through October 2002. This data has been used to
generate long-term temporal trends for comparison with SeaWiFS, as well as seasonal trends for evaluation of MODI S product
consistency from year to year.

Data Sources

The input SeaWiFS data used in this analysis were standard 9-km-resolution Level-3 timebin products from the 4"
reprocessing, composited over 8-day periods. The MODIS data were standard 4.6-km-resolution Level-3 products, binned
over the same 8-day periods. It should be noted that some of the MODIS data used in this study are considered provisional.
Due to the extensive, on-orbit characterization required to calibrate MODIS for ocean data processing, all data collected after
the MODIS Oceans Collection #4 reprocessing (after March 19, 2002) are not fully corrected. Data collected prior to
November 2000 are also considered provisional, due to the instability of the spacecraft and instrument during the first year of
the Terra mission. See http://modis-ocean.gsfc.nasa.gov/processings for more details on the MODI S data collection.

As with the Level-3 merging activity, several changes to the MODIS 8-day binned products were required to enable a bin-
for-bin match-up with SeaWiFS. The first step was to convert the MODIS format to a SeaWiFS-like spacebin format. Again,
this was simply a reorganization of the HDF fields, as the SeaWiFS and MODIS formats use the same, sinusoidal binning
approach. At this step, specific MODIS products were associated with standard SeaWiFS products, and any neccessary unit
conversion was performed. Only MODIS quality zero data were retained. The MODIS products chlor_a 2, nLw_412,
nLw_443, nLw_488, and nLw_551, were associated with SeaWiFS products chlor_a, nLw_412, nLw_443, nLw_490, and
nLw_555, respectively. The second step was to reduce the MODIS 4.6-km spacebin file to 9-km resolution, equivalent to
standard SeaWiFS Level-3 format. The final step was to reduce the MODIS and SeaWiFS 9-km bin files to common bins. For
a given 8-day period, only those bins which were filled (contained one or more observations) in both the MODIS and the
SeaWiFS files were retained in the final analysis.

Subset Definitions

With SeaWiFS and MODIS in an equivalent form, the data sets were further divided into several geographic subsets.
Three global subsets were defined, corresponding to clear water, deep water, and coastal water. The deep water subset consists
of all bins where water depth is greater than 1000 meters. Clear water was defined as deep water where the retrieved
chlorophyll is less than 0.15 mg/n?. For the chlorophyll test, both SeaWiFS and MODIS must be below the threshold. Coastal
water was defined as al bins where water depth is between 30 and 1000 meters, as defined by a shallow water mask and the
deep water mask. Some caution should be exercized in analyzing the clear-water subsetted data, as anomalously high
chlorophyll retrievals from either sensor can significantly alter the geographic distribution of selected bins. In contrast, the
deep-water and coastal subsets are purely geographic in selection criteria. The coastal subset, however, is more likely to
contain regions of significant variability in water content and atmospheric conditions, as well as case 2 water conditions, all of
which can lead to greater retrieval uncertainty and larger differences between the two sensors. The deep-water subset is
therefore the most stable subset for cross-sensor comparison of retrieved oceanic optical properties. The geographic extent of
all three global subsets will vary, however, with the seasonal change in earth illumination and thus sensor imaging duty cycle.
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Trending Analysis

For each sensor, for each 8-day product, the filled bins associated with a particular subset were identified and used to
compute some basic statistics and an associated time tag. Figures 3.1, 3.2, 3.3 and 3.4 shows an example of atypical trend plot
derived from this analysis. In the first panel, the common MODIS and SeaWiFS bins for the deep-water subset were spatially
averaged over each 8-day binned product, and the resulting means were then plotted as a function of time. MODIS is shown as
dashed lines. The gray-scales indicate different bands, where bands 1, 2, 3, and 5 correspond to 412, 443, 490, and 555 nm,
respectively. The plot in the second panel shows the same data as a ratio, with MODIS means normalized by SeaWiFS means.
The solid vertical lines are provided as a reference to indicate MODIS Oceans calibration epochs. These epochs are the
independent periods over which MODIS calibration corrections were derived by the MODIS Oceans group at the University of
Miami. In most cases, these calibration periods correspond with the calibration epochs used by the MODI S Calibration Support
Team at GSFC, and they are generally associated with spacecraft safe-hold events and instrument state changes.
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Another set of standard plots show the radiance and chorophyll trends for MODIS and SeaWiFS as seasonal overlays.
Again, using only the data from common bins, the plots below show the annual repeatability of the two sensors for the deep-
water subset over the evaluation period of nearly three years.
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Figure 3.4: MODIS Deep-Water Annual Repeatability

A complete set of trend plots are available at http://simbios.gsfc.nasa.gov/staff/franz/I Strend/modis_seawifs/, along with
tabulated data and global images. Subset images show mapped chlorophyll for each 8-day period, for the common bins
associated with each geographic subset. These images alow for a qualitative assessment of the agreement between the two
sensors, and provide an indication of the spatial extent of the subsetted, common bins. Full product images of the chlorophyll
and radiance data are also provided, allowing comparison between the two sensors prior to subsetting or reduction to common
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bins. Finally, tabulated results of the mean and standard deviation for each product, for each 8-day subset are available. The
tabulated means are the values plotted in the trend plots.

Discussion of Results

On average, the agreement between MODIS and SeaWiFS over the trended time-period is good. It is clear from the trend
plots, however, that MODIS and SeaWiFS radiances deviate considerably at times. In general, the amount of seasonal
variability measured by MODIS is two to three times larger than for SeaWiFS. The table below shows the mean and standard
deviation of the 8-day, subset averages (i.e., the mean and standard deviation of the tabulated 8-day means). The table 3.1
illustrate both the good overall agreement and the higher time variablity observed by MODIS..

Table 3.1: Global Means Over Common Bins, March 2000 - October 2002

Chlor_a nLw_ 412 nLw 443 nLw_490 nLw 555
Sensor Subset mean | stdev mean | stdev mean stdev mean | stdev mean | stdev
SeaWiFS | Deep 0.186 | 0.0127 | 1.748 | 0.0560 | 1.534 0.0366 | 1.134 | 0.0193 | 0.336 | 0.0081
MODIS | Desgp 0.180 | 0.0174 | 1.593 | 0.2071 | 1.415 0.1318 | 1.139 | 0.0560 | 0.345 | 0.0150
SeaWiFS | Clear 0.076 | 0.0030 | 2.255 | 0.0639 | 1.890 0.0408 | 1.257 | 0.0171 | 0.300 | 0.0058
MODIS | Clear 0.080 | 0.0053 | 2.106 | 0.1934 | 1.791 0.1136 | 1.283 | 0.0458 | 0.317 | 0.0118
SeaWiFS | Coastal | 0.921 | 0.2013 | 0.831 | 0.0578 | 0.892 0.0429 | 0.875 | 0.0343 | 0.427 | 0.0228
MODIS | Coastal | 0.733 | 0.1211 | 0.808 | 0.1243 | 0.823 0.0891 | 0.877 | 0.0520 | 0.429 | 0.0267

The SeaWiFS instrument has the benefit of monthly lunar calibration to track and correct for time-dependent drift in
instrument response. The temporal degradation is well characterized as a simple exponential decay, and the SeaWiFS temporal
stability is therefore believed to be well established. This is illustrated by the excellent annual repeatability demonstrated by
SeaWiFS over the same clear, deep, and coastal-water subsets for the five years of the mission (see
http://simbios.gsfc.nasa.gov/~franz/| 3trend/seawifs/seawifs 8day_trends.ntml). While it is possible that the differences
between SeaWiFS and MODIS are geophysical, due to the 90-minute difference in node crossing time, it is expected that such
a physical effect would be repeatable from year to year in accordance with the seasonally changing distibution of solar and
viewing angles. The instruments may differ from one another, but they should be self-consistent. The deep-water annual
repeatability plots, however, show that the MODIS products are highly variable from year to year, while SeaWiFsS is
consistent. This suggests that the MODIS Oceans products contain significant calibration or atmospheric correction errors that
significantly bias the global averages.

It should also be noted that the deviations between the MODIS and SeaWiFS trends seem to change character at intervals
associated with MODIS Oceans calibration epochs. Again, these epochs are indicated by vertical lines on the trend plots.
Perhaps the most clear indication of this coincidence with the MODI S calibration epochs can be seen in the ratio trends. Based
on the coincidence between MODIS calibration/processing changes and MODIS product deviations relative to SeaWiFs, it
seems likely that a significant portion of the temporal variability observed by MODIS is actually a calibration/instrument
characterization artifact.

While the temporal stability of the MODIS products may be in question, a close inspection of the subset images indicates
that MODI'S may have better small-scale spatial stability than SeaWiFS (i.e., less speckling). The MODIS data is expected to
have lower digitization noise, due to its 12-bit design relative to the 10-bit SeaWiFS instrument. Probably the more significant
factor in this analysis, however, is that the MODIS data has a much higher sample count within each bin. This is due to the
fact that the MODIS binned products are derived from 1-km-resolution data, whereas SeaWiFS binned products are derived
from 1-km observations which were subsampled 4-to-1 (i.e., GAC data). All else being equal, this would give MODIS a 16-to-
1 sampling advantage over SeaWiFS, significantly reducing random noise. The SeaWiFS GAC subsampling also makes it
impossible to fully correct for straylight artifacts, since a complete record of bright sources is not available in the GAC dataset.
A more geographically limited study could be performed in the future, using the SeaWiFS 1-km HRPT dataset as input to
make the two datasets more directly comparable.

Considering the higher spatial stability of the MODIS products, it is worth noting that the standard deviations of the
radiance and chlorophyll retrievals within each 8-day period are quite similar between the two instruments. Thisis likely due to
the fact that the noise within each bin, for either sensor, is considerably lower than the large-scale, geophysical variability
across the subset. In other words, the standard deviations are dominated by real, spatial structure. In addition, the speckling
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noise which would tend to elevate the standard deviations in the SeaWiFS products may be offset by the residual scan-
dependent artifacts observable in the MODIS products. These scan effects can be seen as near-vertical striping in the mapped
radiance fields, even in some 8-day composites.

3.2.3 MODIS And SeaWiFS Cross-Comparisons

The Project closely followed subsequent versions of MODIS oceans processing leading to the collection 4 algorithm and
provided the RSMAS group, University of Miami, with MODIS product matchups against SeaWiFS data to help with the
evaluation of MODIS algorithm updates (http://simbios.gsfc.nasa.gov/~ewa/SeaM ODI S/seamodis-match.html, Kilpatrick et
a., 2002). When collection 4 MODIS and reprocessing 4 SeaWiFS data became available, thorough comparisons and scan
angle dependence analyses were performed for data from both sensors based on 20 dates spread in time from September 2000
to July 2002.

For these comparisons, cross-calibrations, and merger, the SIMBIOS Project Office identified common MODIS and
SeaWiFS data formats and products. The analyses used 4.6km daily global binned products. Although the MODI S standard bin
size is 4.6km while SeaWiFS is 9.2km, existing procedures can bin SeaWiFS data to 4.6km to facilitate the comparisons with
MODIS standard products. For selected analyses daily 36km bin size data were examined and for global time series studies
9km data were used which were binned over 8 days.

The SIMBIOS Project Office developed software for the combined extraction and analysis of binned MODIS and
SeaWiFSfiles. The evaluation of data products from both sensors involved the following:

Maps of chlorophyll differences between the two sensors for each day and for the 4 seasons.

Matchups of product data from both sensors for daily global overlaying bin coverage and for the overlaying coverage
limited to open-ocean and clear-atmosphere.

Data product histograms.

Time trends in matchup statistics.

Separate matchups and histograms for different sensor view angles for daily global overlaying bin coverage and for
the overlaying coverage limited to open-ocean and clear-atmosphere.

Time trends in matchup statistics for different sensor view angles.

Analyses of individual scan line variabilities dependent on sensor zenith angles.

Glabal time series comparisons for clear waters, deep waters, and coastal waters.

Maps of global chlorophyll differences between MODIS and SeaWiFS showed spatial discontinuities in the chlorophyll
difference field depending on sensor swath positions. MODIS aso generally gave higher chlorophyll concentration values in
the open ocean than SeaWiFS, especialy in the Southern Hemisphere (http://simbios.gsfc.nasa.gov/~ewa/SeaM ODISMay/
seasong/seasons.html). Data for daily overlaying bin coverage between corresponding MODIS and SeaWiFS products were
compared in the form of scatter plots. The scatter plot matchups contained accompanying statistics, including slope and
intercept of the linear fit of data between MODIS and SeaWiFS, correlation, RMS error, standard deviation from the linear fit
line, and standard deviation from the MODIS=SeaWiFS line. Matchups were performed on total global overlaying data sets
and on the data limited to open-ocean and clear-atmosphere in order to eliminate more ambiguous coastal water and turbid
atmosphere conditions. Clear atmosphere was defined as retaining AOT values below 0.2. Chlorophyll concentration and
normalized water-leaving radiance (nLw) matchups in the lower visible wavelengths were in good agreement between the two
sensors although some non-functional relationships, questionable data clusters, and a lot of scatter in the plots were aso
present. In the higher visible wavelengths, MODIS and SeaWiFS operate using different spectral bands, which prohibited
direct comparisons. When considered exclusively, open ocean and clear atmosphere data showed the same statistical trends as
the entire global data sets (http://simbios.gsfc.nasa.gov/~ewa/SeaM ODISMay/seamodis-match.html). Plots of matchup
statistics against time showed that there was an apparent time dependence present in the linear fit intercept
(http://simbios.gsfc.nasa.gov/~ewal/ SeaM ODI SM ay/timetrend/timetrend.html). These time trends were later more thoroughly
studied using a large time series of 8-day binned MODIS and SeaWiFS data sets (http://simbios.gsfc.nasa.gov/~franz/I3trend/
modis_ seawifsyfmodis_seawifs 8day_trends.html). Dependence in data on sensor scan angle is another difficulty for the
merger. SeaWiFS scan behavior has been thoroughly investigated using low chlorophyll waters around Hawaii and the Easter
Islands (http://simbios.gsfc.nasa.gov/~ewa/SeaMODIS May/scangle/scangle.html). SeaWiFS radiometric sensitivity falls off
to the same degree towards both edges of the scan. Water-leaving radiances at the lower wavelengths degrade not more than
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5% at the very edges of the GAC swath. In this study, an assumption was made about a relative SeaWiFS scan angle stability.
This assumption was applied to investigate MODIS viewing angle dependencies. In the analysis, only data between 35° South
and 35 North were used to eliminate high latitude bins which both sensors observe several times each day and the viewing
directions are multiple and averaged within the bins. MODIS scans the Earth within its swath from West to East. MODIS data
were divided dependent on their viewing zenith angles into four groups: from West scan edge to 25° West, from 25° West to
nadir, from nadir to 25° East, from 25° East to East scan edge. Matchups with SeaWiFS were performed separately for each
MODIS angle group (http://simbios.gsfc.nasa.gov/~ewa/SeaM ODISMay/seamodis-match.html). Statistics were calculated
from these matchups and plotted through time separately for the individual MODIS scan angle ranges. Time trends turned out
to be persistently different for Western and Eastern edges of the MODIS swath for nLw at bands 412nm and 443nm and
chlorophyll concentration (http://simbios.gsfc.nasa.gov/~ewa/SeaM ODI SMay/timetrend/timetrend.html). The result remained
the same for data limited to open ocean and clear atmosphere bins. This showed that there were distinct view angle
dependencies present in MODIS data independent of SeaWiFS viewing geometries. Figure 3.5 shows an example of MODIS
data matchups against SeaWiFS performed separately for the Western and Eastern part of the MODIS scan line. The Figure
aso displays temporal trends in the matchup linear-fit slope for divided Western and Eastern MODI S scan data.
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Figure 3.5: MODIS and Seal il-:S nLw (412nm), nLw(443nm), and chlorophyll matchups for 7 April 2001 for Western (left)
and Eastern (right) edge of the MODI S swath. Individual time trends in matchup linear-fit slope for the Western (red) and
Eastern (blue) MODI S edges.

Apparent scan angle dependencies in data forced an application of basic techniques to further investigate geometry effects
for the purpose of data merger. A proof-of-concept study was pursued to cross-calibrate MODIS and SeaWiFS sensors
depending on their zenith viewing angles. For this purpose, the dates were chosen for which MODIS and SeaWiFS orbits
overlapped the closest, i.e. swath phase difference between the satellites was zero (http://simbios.gsfc.nasa.gov/~ewa/
SeaM ODI SMay/seamodis-match.html). There were very few such days since both satellites had been on orbit. To limit cross-
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comparison ambiguities, only open ocean, clear atmosphere (AOT < 0.2), and low chlorophyll (chlorophyll concentration <
0.1mg/nT) regions were chosen located within ocean gyres from 15° to 30° latitude in the Northern and Southern Hemisphere.
Within these zones, 4.6km bins were searched for scan lines with large amounts of overlapping data available from both
sensors. Resulting scan lines were studied depending on sensor zenith viewing geometries. Statistics derived from a line fit of
data across the sensor zenith angle were recorded and averaged over al extracted scan lines for MODIS and SeaWiFS nLw and
chlorophyll concentrations. Figure 3.6 shows an example of an individual MODIS and SeaWiFS overlapping scan line for the
date 9 January 2002. There is a significant amount of noise present in the scan data, especially apparent for SeaWiFS. Thisis
because the magnitude of nLw and chlorophyll values is very low. Also, SeaWiFS original spatial resolution of GAC data,
which went into 4.6-km bins, is already at 4km while MODIS data are averaged over 1km pixels. It can be seen from the
Figure 3.6 that even in these clear-water idealized conditions there is a visible drift in MODIS chlorophyll values across the
MODIS zenith angle, possibly coming from a slight slope present at the yellow wavelengths. The average MODIS chlorophyll
slope line was calculated as y = -0.000078x + 0.065 while the SeaWiFS slope was significantly more leveled, considering the
low magnitude of chlorophyll values, y = -0.000013x + 0.047.

SEIFS zenith angls ST zerith ook SHqWIFS Zenlth arcle
300 T 25 T T T T 20 T T T T
. { 46 6 2 0 45 ] - : ] ] 45 = 4 6 i ] 45
= .t ’_‘f. b ] + 1 ]
-, | N et il 114 . 2 an L] a ]
UL TN ] =g Ei 23iE ]
R e ¢ — t s ] — ] Pl |
Zao0F & . & = AN m-ﬂ 1.5."*'? Ik .
- I 1 £ 1.5 - ————h Cag=il I ] .'E. e
1 5 vl ]
= af 4 F f
T I '_' T
i t i w 0.5
£ o5} 20000 g oo Wi F
5 b OperOzson Daardtm Chio< 0,7mg k] L
gl i i i i o0 i i i 0.0 i
B 40 20 o 20 A =ln} 83 40 0 D 20 +0 ED 60 40 2"" T &0 40 Bl
WODS zenith argle MOMS zenith ongle MCOIS zentth angls
SpaniFs zenith angle . SapWiFS Tenth ok -y SROWIFS Zeniih ancle
d50 T 3 01z T T T T ain T e
; 44 P 2 W0 45 3 - L] £ b 3 45 ” p : E
o E ! 1
I‘ 5 = -
# aunf | 3 P £ ek 3
= - I‘ i -
[ 4 oeef |I tn i
[ 1 N % -
ia i 11l | | 5 o T Ir
= - ool i ] —
L% 2 | | Il =
9 il | '! | I f| Jomne i
) * ocaf | | i | | 1 1 -
= 2 { 'Il. [ | [, ¥
i i L LML AR LA [
= = e 4o iF. o . ™ .
£ z ooel—of ! I -’%‘l | e P A =
: IS RA A RAE IR
Y] 3 L 3 L [enere] ! | B P | I R} L L L
Bl 40 20 o 20 40 a0 80 -‘-':I 0 D 20 40 &0 60 -4 it k] 20 40 Bl
WODS zenith argl= MODAS z=nith ongle MODIS zenith angle i Pee

Figure 3.6: Dependence on sensor viewing angle in an individual MODI S and SeaWiFS overlapping scan line, on  January
9, 2002.

Using statistics derived from MODIS and SeaWiFS scan line cross-calibration, MODIS data were corrected for that day
depending on their zenith-viewing angles. The correction improved sensor chlorophyll concentration matchups based on the
slope of 0.934 in the linear fit between the two data sets to the slope of 0.984.

Concluding, the cross-comparisons of multi-sensor data products have a critical importance for the merger activity.
Experience gained in the process is helpful in establishing suitable merger approaches. The histograms enable the examination
of data distributions. The product inter-comparisons give information on the transfer functions for product data between the
two sensors. The matchups between MODIS and SeaWiFS products resulted in the extraction of

temporal trends,
and scan-angle dependencies

in MODIS data. These conditions should be eliminated before the merger using additional calibrations and sensor cross-
calibrations or should be resolved by the merger algorithm itself in order to obtain a stable series of merged MODIS and

SeaWiFS data sets.
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3.24  Neural-Network And Support-Vector-Machine Regression Mapping

The purpose of the regression mapping is to bring multi-instrument, multi-platform, and multi-year ocean color
observations to a common baseline, where the baseline is an ocean color data template consistently calibrated through time and
space and well validated against in situ measurements. In other words, the goal is to cross-calibrate multi-sensor data to a
single “benchmark” representation, regardless of the calibration and other problems of individual sensors. Regression mapping
reproduces or emulates the response from the baseline given data from different sensors. This is done through mapping of
individual sensor data points given a variety of information describing the sensor, geometry, in-water and atmospheric
conditions, and other properties which univocally characterize the given sensor’s data point. In the proof-of-concept analyses
performed at the Project, SeaWiFS data were treated as the baseline, thoroughly calibrated and well validated global ocean
color benchmark, and MODI S data were mapped to SeaWiFS-like chlorophyll concentration values.

Although the mapping between sensors can be performed using linear or non-linear regression, the use of artificial neural
networks or support vector machines is preferred because any complex mapping functions can be approximated using these
methodologies (Atkinson and Tatnall, 1997). Neural networks and support vector machines can best be understood as data
transformers where the objective is to associate the elements in one set of data with the elements in the second set. They
perform more accurately than other techniques, like statistical, particularly when the feature space is complex and the source
data have different statistical distributions (Pao, 1989) which is true for ocean color data including these from MODIS and
SeaWiFS. The most time-consuming stages of the regression approach are the determination of an optimal set of input features,
choice of the model architecture, and training on representative global and temporal data sets so as to cover the widest range of
ocean color, atmospheric, sensor geometry, and other ancillary conditions. The algorithm learns by itself through the regression
it does between data and, at the same time, fortuitously discovers the differences in sensor data originating from sensor designs,
characteristics, calibration peculiarities, and data processing. This training is highly automatic and, when once accomplished,
the stored weights and system parameters can always produce new regression output.

Before applying the neural networks or support vector machines regression, input data needed to be prepared to simplify
the training process. One important task was elimination of trends in data because the algorithm might have ignored important
subtle information present in the data in favor of a large variation exhibited by a trend. This was partially accomplished by
sensor cross-calibration or inclusion of input feature elements which characterized the location of data within the temporal and
spatial sequence. The other consideration was scaling. MODIS and SeaWiFS chlorophyll data were passed through alogarithm
scaling function because they inherently possessed a lognormal distribution (Campbell et al., 1995). All input feature data,
including the chlorophyll logarithm, were then scaled and translated so that they were 0 mean and 90% of their values were
within a domain range of 6. One of the most important concerns in defining the regression model was choosing the most
effective input features for the algorithm. To map MODIS data to SeaWiFS chlorophyll concentration values, dependencies
between MODI S data products and SeaWiFS chlorophyll were studied using a genetic algorithm. The algorithm evaluated and
propagated the fitness of various combinations of MODIS inputs through generations of neural networks trained on MODIS
and SeaWiFS data sets scaled down for fast processing. The training data sets came from overlapping bins between the two
sensors which were used in the matchups. MODIS input vectors were composed of nLw at all spectral bands, chlorophyll
concentrations, K-490, atmospheric parameters (AOT, €), viewing geometries (sensor and sun zenith and azimuth angles),
geographic locations (latitude and longitude), and other ancillary parameters, like ozone, atmospheric pressure, humidity, wind,
and date. The genetic algorithm estimated that the following MODI S input features gave the best regression results in mapping
to SeaWiFS chlorophyll values: nLw at bands 412nm, 488nm, 551nm, and 678nm, AOT-865, e, chlor_a 2, satellite zenith
angle, sun zenith angle, ozone, latitude, longitude, and date. Chlorophyll dependence on the viewing geometry and atmospheric
and ancillary parameters meant that not all of these dependencies were eliminated in data processing. To improve the mapping,
other input features such as spatial-texture and temporal chlorophyll parameters could also be considered.

Both multilayer feedforward neural networks and support vector machines were used to perform the regression from
MODIS data to SeaWiFS chlorophyll. MODIS mapping to SeaWiFS chlorophyll running across 2 years of concurrent sensor
coverage was investigated on a Cray supercomputer at the GSFC NASA Center for Computational Sciences. This cross-
seasonal mapping will still need to be refined, thus the results presented here are based on the regression performed on a single-
day data set. Half of the overlapping MODIS and SeaWiFS hins for this day were used as a training set and the other half as a
testing set. Figure 3.7 shows the result of support vector machine mapping of MODIS unique-coverage data from 9 January
2002 to SeaWiFS chlorophyll values. Consequently, the result illustrates joint MODIS and SeaWiFS coverage for this day
represented entirely through SeaWiFS chlorophyll values. The radial basis function was used as a kernel to perform the
regression (Scholkopf et al., 1996). The accuracy of the mapping was estimated on the testing set and its mean absolute error
was equal to 0.09mg/m® of chlorophyll concentration.
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Support vector machine regression is a promising tool for data merger, especially that it helps to overcome sensor disparity
problems. On the other hand, ocean color data pose a very complex regression problem, highly nonlinear and high
multidimensional, and more studies are needed to make the regression mapping more general and accurate. Both neural
networks and support vector machines provide intrinsic means for the evaluation of the accuracy of their learning. They are
trained to converge to a stable solution and a given alowable error on the training set. Their knowledge is stored in system
weights and can be tested anytime against data for which the result is known in advance. Once trained, the regression mapping
has minimal computational requirements.

MODIS to"SeaWTFS support-vector-machine regression

Figure 3.7: Original MODIS and SeaWiFS 36km binned chlorophyll concentration data sets for 9 January 2002 and the result
of support-vector-machine regression: SeaWiFS coverage supplemented by MODIS coverage mapped to SeaWiFS-like
chlorophyll.

3.3 DIAGNOSTIC DATA SETS

The diagnostic data set is a set of pre-defined geographic regions for which ocean color data products are routinely
extracted. The purpose of this activity is to simplify and standardize the intercomparison of ocean color sensors from multiple
space missions, and to allow rapid reprocessing of selected areas for calibration and algorithm evaluation. Participants include
SeaWiFS and MODIS (Terra & Aqua), as well as MERIS and GLI. The SIMBIOS Project is collecting and distributing the
MODIS Level-2 diagnostic data set at http://seawifs.gsfc.nasa.gov/cgi/seawifs region_extracts.pl?TY P=ocean, and developing
procedures for comparitive analysis against SeaWiFS and other instruments. Significant effort was made to coordinate the
multiple MODIS granules associated with each region, and to compile the related MODIS products into a single daily file per
region, thus making the data more accessible to the ocean color community. The Project has recently started to receive the
MODIS Level-1B diagnostic data sets. At the present time, there is no software capable of processing these Level-1B extracts
to Level-2, but the SIMBIOS Project is working on a modification of the SeaWiFS processing software, MSL12, to provide
that capability.

3.4 SeaBASS INTERFACE

The SeaWiFS Bio-optical Archive and Storage System (SeaBASS) serves as a local repository for in situ data used in a
variety of scientific analyses, for example, satellite data product validation, bio-optical algorithm development, and data
merger studies. Archived data include measurements of apparent and inherent optical properties, phytoplankton pigment
concentrations, aerosol optical thickness, and other related oceanographic and atmospheric data collected on ships, moorings,
and drifters. Additional information on SeaBASS is provided in Werdell and Bailey (2002) and via the World Wide Web at:
http://seabass.gsfc.nasa.gov. As of November 2002, SeaBASS contains data from over 1000 cruises, encompassing more than
31,000 data files. The volume of archived data is rapidly increasing, as SIMBIOS US Science Team members are
contractually obligated to provide data (McClain and Fargion 1999, Fargion and McClain 2002).

SeaBASS data files are flat text, in the American Standard Code for Information Interchange (ASCII) format, with data
presented as a matrix, much like a spreadsheet. Each file includes a series of predefined metadata headers, which provide
descriptive information about the data, such as the names of the contributors and experiment, the date and location data were
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collected, and other ancillary metadata. All data files and related documents are stored in a directory tree organized by
contributor affiliation, experiment, and specific cruise. Data are further archived using a relational database management
system (RDBMS). The RDBMS is used to catalog and archive metadata and data information from each data file, and to
locate and retrieve specific metadata and geophysical data information from the full bio-optical data set. The standard file
format and the storage protocols did not change significantly during the past year of the SIMBIOS effort.

The SIMBIOS Project maintains software, named FCHECK, to validate the format of SeaBASS data files. Contributors
are required to use FCHECK to verify the format of their files prior to data submission. Once the files meet SeaBASS format
requirements, the contributor may submit their data and related documentation, such as cruise reports and instrument
calibration files, to the SeaBASS Administrator via File Transfer Protocol. Additional information regarding FCHECK and
data submission protocols is available online at: http://seabass.gsfc.nasa.gov/seabass submit.html.

Protocols for format validation and data submission have not been altered over the past year. The full bio-optical datasetis
available online via the SeaBASS Web site. Data are located and retrieved using a series of online search engines, listed and
described in detail at: http://seabass.gsfc.nasa.gov/dataordering.html.

Each search engine allows users to limit queries to particular experiment, contributors, dates, locations, and data types. A
new, unique utility, the SeaBASS Validation Cruise Search Engine, was put online this past year. This utility was designed
specifically to assist researchers in need of validation data for their satellite calibration and validation activities, and as such,
gueries may be limited only by ocean color mission (e.g., SeaWiFS, MODIS Terra and Aqua, and MERIS). Queries return a
table of potential validation cruises, including metadata for each cruise, such as start and end date and center latitude and
longitude. To supplement this utility, mission-specific maps of pigment, radiometer, and sun photometer data points are posted
online daily. To protect the publication rights of contributors data, full access to SeaBASS is limited to members of the
SIMBIOS Science Team and other NASA-funded researchers. A password is required to access the full bio-optical data set.
All data collected prior to 31 December 1999, however, are available to the public and are additionally available through the
National Oceanic and Atmospheric Administration National Oceanographic Data Center. The development of a CD-ROM
version of the full public bio-optical data set is planned for Spring 2003. The procedures for the water-leaving radiance,
chlorophyll a, and aerosol optical thickness satellite-to-in situ match-up analyses changed little during the past year of the
SIMBIOS effort. Information on these analyses may be found in the SeaWiFS Postlaunch Technical Report Series Volume 10
(Bailey et a. 2000).

3.5SUPPORT SERVICES

In an effort to improve the quality and quantity of calibration and validation data sets, the SIMBIOS Project offers several
support services to field investigators. These services include; scheduling of on-board LAC recording for SeaWiFS; overflight
predictions for operational sensors (currently SeaWiFS, OCTS, MOS-B, MODIS-PM, MODIS AM, OCI, OCM, OSMI and
MERIS); near real time SeaWiFS imagery for cruise locations;, and sunphotometer instrumentation from a pool of project-
owned instruments. These services may be requested via the World Wide Web at http://simbios.gsfc.nasa.gov. In return for
these services, the SIMBIOS Project requests that the field investigators provide in situ validation data to the Project's bio-
optical archive, SeaBASS. Since January of 2002, the SIMBIOS Project has supported 76 cruises (Table 3.2).

Scheduling SeaWiFS On-board LAC Recording

Since much of the world's oceans are not covered by a SeaWiFS HRPT station, high-resolution data may be recorded
onboard the SeaWiFS sensor. As a service to the scientific community, the SIMBIOS Project in conjunction with the SeaWiFS
Project can schedule SeaWiFS onboard LAC for cruises that occur outside HRPT coverage. SeaWiFS has the ability to record
a maximum of 10 minutes of high-resolution data per downlink. Typically, a 30-second interval is allotted for LAC target,
which corresponds to 180 scan lines or approximately 200 km along track at nadir. Detailed information on LAC scheduling is
available on the SIMBIOS web site.

Overflight Predictions for Operational Sensors

For calibration and validation purposes, in situ measurements should be made as close to the sensor overflight time asis
possible. To aid investigators in determining when sampling should occur, the SIMBIOS Project offers overflight predictions
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for all operational ocean color remote sensors. Currently, the sensors supported are SeaWiFS, MOS-B, OCI, MODIS, OSMI,
OCM and MERIS. Detailed information on overflight predictions is available on the SIMBIOS web site.

Near Real Time SeaWiFSImagery

In addition to providing predictions for satellite overflight times, the SIMBIOS Project offers near real time imagery of the
operational SeaWiFS products in JPEG or GIF format to cruises at sea. 'True color' images are in JPEG format, all other
products are in GIF format. These images provide field investigators with additional information with which they may
maximize in situ sampling of transient oceanographic features. The default specifications for the images provided include:

available LAC, HRPT, and GAC;

chlorophyll-a and pseudo-true color images;

2-degree box about a designated location or the entire designated region;
image width of 600 pixels;

minimum percent valid chlorophyll pixels: 5%;

images may be customized to best accommodate individual investigator needs.

Detailed information on near real-time imagery is available on the SIMBIOS web site.

Table 3.2: SIMBIOS supported cruises with services provided.

Experiment Name Investigator Period Services
NC-01-02 Varis Ransi Jan 42002 Feb 28 2002 overflight
SOFeX Francisco Chavez Jan 52002 Mar 31 2002 image, overflight
CoOP WEST W02 Raphael Kudela Jan 8 2002 Jan 31 2002 image
DIAPALIS 3 Cecile Dupouy Jan 92002 Jan 22 2002 LAC, image
POS283 Thomas Martin Feb 12002 Feb 26 2002 image

SECRET Doug Pirhala Mar 12002 Mar 31 2002 overflight
NOAA NC 03 2002 Doug Pirhala Mar 12002 Apr 30 2002 overflight
POS284 Thomas Martin Mar 32002 Mar 26 2002 image

Visayas Color Kathleen Silvano Mar 7 2002 Mar 18 2002 LAC, overflight
TAG A GIANT 02 Andreas Walli Mar 10 2002 May 11 2002 image

EPSCOR Cruise Richard Miller Mar 11 2002 Mar 30 2002 image
MARO2BR Ajit Subramaniam Mar 28 2002 Apr 18 2002 LAC, overflight
DIAPALISO4 Cecile Dupouy Apr 22002 Apr 21 2002 LAC, image, overflight
CYCLOPS 2002 Steve Groom Apr 15 2002 Jun 52002 image

MOMAP North Sea Marcel Wernand Apr 15 2002 May 5 2002 image, overflight
Arc021 Glenn Cota May 6 2002 Jun 15 2002 image, overflight
MERIS2002 Thomas Ohde May 13 2002 May 18 2002 overflight
SCIPIO Peter Miller May 15 2002 Jul 12 2002 image

TN147 Ricardo Letelier May 20 2002 Jul 12002 image
DIAPALIS 5 Cecile Dupouy May 20 2002 May 30 2002 LAC, image
Swedish Lakes Anu Reinart May 21 2002 Jun 12002 overflight

MP5 Ajit Subramaniam Jun 12002 Jul 21 2002 image

CoOP W 200206 Raphael Kudela Jun 1 2002 Jul 12002 image

CICESE Mati Kahru Jun 7 2002 Jun 14 2002 overflight
Bongo VPR John E. O'Reilly Jun 92002 Jun 23 2002 image

EN372 Ru Morrison Jun 14 2002 Jul 17 2002 image, overflight
VARIAS Aqua Maria Paola Bog Jun 29 2002 Jul 4 2002 overflight
Turkey HAB Raphael Kudela Jul 12002 Jul 21 2002 image
JULO2PAC Ajit Subramaniam Jul 22002 Jul 12 2002 overflight

T MASTO02 Will Aicken Jul 42002 Jul 27 2002 image

MELEE VII Erie Steven Wilhelm Jul 8 2002 Jul 30 2002 image
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Arc02 2 Glenn Cota Jul 15 2002 Aug 31 2002 image, overflight
RESE 5 Susanne Kratzer Jul 17 2002 Aug 29 2002 image

RR0208 Ricardo M Letelier Jul 28 2002 Aug 28 2002 image

S2087 Will T Aicken Jul 29 2002 Aug 17 2002 image

Bering Cocco Peter Miller Jul 30 2002 Aug 18 2002 image
DIAPALIS 6 Cécile Dupouy Aug 22002 Aug 16 2002 LAC, image
TowCrom0206 Jeffrey Polovina Aug 42002 Aug 15 2002 image
Argentina 2002 Ajit Subramaniam Aug 19 2002 Dec 31 2002 image

COVE 2002 Bill Smith Aug 20 2002 Oct 16 2002 image

Bloom Chaser Ajit Subramaniam Aug 23 2002 Oct 18 2002 image

Pamlico Fall02 Doug Pirhala Sep 12002 Oct 31 2002 overflight
Oc381 Larry Madin Sep 52002 Sep 30 2002 image

Benguela cruise Stan Hooker Sep 15 2002 Nov 12002 image

Project Lake Water Janet Campbell Sep 17 2002 Dec 12002 overflight
TIR02 Kirk Knobel spiese Sep 20 2002 Oct 11 2002 image, overflight
CT020927 Ru Morrison Sep 25 2002 Oct 13 2002 image, overflight
IRONFROMABOVE  Marcel Wernand Sep 26 2002 Nov 22002 image
GP6-02-KA Victor Kuwahara Oct 22002 Oct 30 2002 LAC

METEOR 55 Thomas Martin Oct 10 2002 Nov 17 2002 image
DIAPALIS 7 Cecile Dupouy Nov 11 2002 Dec 62002 LAC, image
MLML Beatman Luke Beatman Nov 20 2002 Mar 20 2003 overflight

Korb JR82 Peter Miller Dec 4 2002 Feb 28 2003 image

3.6 SSIMBIOSSUNPHOTOMETERSAND CALIBRATION

Twelve Microtops I, two SIMBAD and two PREDE Mark Il sun photometers were deployed in fifty-one cruises in 2002.
Two SIMBADA radiometers were added to the pool this year and were deployed in several cruises. A characterization of these
new sun photometers was performed at NIST (see chapter 24). Two Microtops Il sun photometers were sent to the
manufacturer to replace the filters, the photodiodes and the front windows. The SIMBIOS instrument pool now includes
fourteen Microtops |1 sun photometers.

Sun Photometer Calibration

The calibration of the sun photometers is described in McClain and Fargion (1999). Details on the operation, calibration
and theoretical principles of sun photometery are posted on the internet (http://simbios.gsfc.nasa.gov/
Sunphotometers/calibration.html).

The Sun Photometer Instrument Pool web site was extensively updated this year, and now includes information about the
deployment and data processing status of each instrument (http://simbios.gsfc.nasa.gov/Sunphotometers). The cross calibration
time seriesis reported in Table 3.3 for the Microtops #3768, the SIMBAD #972306, the SIMBAD #972309 and the SIMBADA
#07 and #09.

Complete and updated calibration coefficients can be found on the internet at http://simbios.gsfc.nasa.gov/cgi-bin/cal.cgi.
The calibration processing code was standardized for all sun photometers and upgraded to account for the new SIMBADAS.
This code allows the cross calibration with a master Cimel instrument based on the time to time voltage ratios (Vp). Only clear
days that show a variation DVy/V, less than 1% were retained as calibration days. Cross calibration was performed for each sun
photometer roughly every three months, but varied with particular instrument deployment, maintenance, and the availability of
appropriate weather for calibration (which is much less common in the summer).
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Figure 3.8: ACE-Asia 2001 AOT and Angstrom Exponent time series plots for 2002/04/04
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Above Water Radiometer Calibration

The SIMBAD and SIMBADA radiometers are also designed to do above water measurements (in addition to being a sun
photometer). The optics and filters are the same but the electronic gain is different. The calibration is generally performed at
GSFC using a 6 or a 42" integrated sphere at GSFC. Table 3.4 shows the reflectances per count obtained for various
calibrations performed since 1999 with two SIMBAD and two SIMBADA sun photometers. The analysis code that process the
sphere calibration is ready and is able to account for the new channels of SIMBADA, various levels of lamps or various
spheres. Uncertainties of the calibration coefficient determination, based on the standard deviation obtained from the
measurements and the accuracy of the integrated sphere calibration, are computed by the code. The values are not shown in
table 3.4. The recent characterization at NIST of the two SIMBADA radiometers using the SIRCUS facility (see chapter 24)
was able to provide realistic spectral response of each radiometer. Spectral responses provided by preliminary analysis of the
SIRCUS experiment were used to replace the spectral responses provided by the manufacturer of the SIMBADAS. A second
round of analysis was conducted at NIST in December 2002. The calibration coefficients reported for the SIMBADA
radiometers in table 3.4 will be revisited when final analysisis available. New techniques implemented last year to monitor the
behavior of the radiometers over time and between two absolute calibration methods were still used for both SIMBAD and
SIMBADA radiometers. The SeaWiFS Quality Monitor (SQM) and the Spectralon plague were still used in 2002. Data are
being processed and are not shown here.

Validation And Comparison During ACE-Asia 2001

The Asian Pacific Regional Aerosol Characterization Experiment (ACE-Asia) cruise of the R/V Ron Brown was an ideal
platform to validate the consistency of the variety of sun photometer instrument types, calibration techniques and deployment
personnel. The R/V Ron Brown, which departed from Hawaii on March 15, 2001 and arrived in Y okosuka, Japan on April 19,
2001, encountered a variety of aerosol types, from maritime low optical thickness conditions to extremely high optical
thickness due to Asian dust. Table 3.5 lists the five sun photometers from which valid data were gathered. Four of the sun
photometers were handheld, while the Fast Rotating Shadowband Radiometer (FRSR) is an automated instrument. The
SIMBAD, SIMBADA and SIMBIOS Microtops Il are owned, calibrated and deployed by the SIMBIOS Project. The Fast
Rotating Shadowband Radiometer is owned, calibrated and deployed by the SIMBIOS Project funded Shipboard
Oceanographic and Atmospheric Radiation (SOAR) Project, at the Brookhaven National Laboratory. The NOAA-PMEL
Microtops Il is owned, calibrated and deployed by the National Oceanic and Atmospheric Administration’s (NOAA) Pacific
Marine Environmental Laboratory (PMEL). Unfortunately, the measurement protocol set for the NOAA-PMEL Microtops 11
was not appropriate for measurements at sea, so a large amount of data had to be removed to account for sun pointing errors.
Therefore, comparisons between the NOAA-PMEL Microtops Il and other instruments were very limited in number.

Visual inspections of data time series suggest that despite differences in instrument design, calibration and deployment,
AOT and Angstrom Exponent typically agree within uncertainties. Figure 3.8a shows the aerosol optical thickness (AQOT) for
the filter band with a central wavelength of 490nm (for the SIMBAD and SIMBADA) or 500nm (for the FRSR and Microtops
I1). This band was chosen for comparison because it is common to all instruments and exhibits a higher signal in most
conditions than bands common to longer wavelengths (such as 870nm). The Angstrom Exponent, which expresses the spectral
character of the AOT and is calculated as shown above is compared for the same day in figure 3.8b. Figures 3.9 and 3.10, and
table 3.6 present a more rigorous comparison, where temporally similar data from different instruments are compared on
scatter plots. Data from instruments whose bands have similar (within 10nm) center wavelengths, and have calculated
uncertainty values were analyzed to find measurements taken within fifteen minutes of each other. These temporally similar
measurements were plotted to assess trends or biases between the data. Figure 3.9 shows these scatter plots for AOT at 490nm
or 500nm. Nearly all data fall within one uncertainty unit of the 1:1 line. Figure 3.10 shows the same for the Angstrom
Exponent. While a higher percentage of the Angstrom Exponent values fall within one uncertainty unit of the 1:1 line, it is
important to note that the Angstrom Exponent uncertainties are often up to 50% of the total Angstrom Exponent value.
Initially, this analysis revealed an underestimation of high AOT values measured by the FRSR when compared to the other sun
photometers. This lead to a refinement of the AOT retrieval algorithm for that instrument (see chapter 11). Despite these
changes, the FRSR tends to overestimate the Angstrom Exponent with respect to other sun photomters. Figures 3.9 & 3.10
represent data calculated with the new retrieval algorithm. Finally, it is important to note that some bands were omitted for a
lack of comparable bands in other instruments or uncertainty values for those bands. Table 3.6 describes the relationship
between different instrument products by showing the percentage of concurrent measurements that fall within one uncertainty
unit of each other. The weighted (by number of concurrent data points) averages presented in the last column highlight the
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strengths and weaknesses of each instrument. Generally speaking, at least 80% of all AOT data compare within one uncertainty
unit of the value from another instrument. With its high uncertainty values, the Angstrom Exponent comparisons are even
better, at 90% or more. Finally, the weighted average percentages for the NOAA-PMEL Microtops Il are lower than for most
other instruments, which is most likely due to the improperly set measurement protocol of that instrument during ACE-Asia

2001.

Table 3.3: Top of Atmosphere (TOA) signals (digital counts) and standard deviations for the sun photometers determined by
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transfer calibration from a calibrated Cimel at GSFC between August 1998 and December 2002.

MicroTops | Cimel 440 nm 500 nm 675 nm 870 nm
03768 #
12/14/1998 94 1017 987 1203 802
03/30/1999 37 972 982 1201 800
06/09/1999 101 894 980 1204 807
09/23/1999 94 826 982 1206 784
11/11/2000 Replacement of 440nm filter and front window and calibration
11/11/2000 - 1263 1024 1193 813
90/20/2000 37 1247 981 1205 802
03/19/2001 94 1231 958 1105 675
05/22/2001 Replacement of front window
07/06/2001 101 1246 979 1207 807
06/09/2001 94 1243 974 1188 790
06/12/2001 89 1247 977 1201 802
01/04/2002 37/89 1235 940 1172 783
02/28/2002 89/94 1245 979 1197 792
06/25/2002 89 1251 975 1201 802
08/07/2002 101/89 1250 979 1188 794
08/11/2002 101/89 1245 971 1178 783
03/12/2002 101/89 1244 974 1193 793
SIMBAD 440 nm 490 nm 560 nm 675 nm 870nm
932706
8/21/1998 37 388591 479121 406870 421086 304820
12/14/1998 94 388269 473101 394874 410455 311944
9/23/1999 2] 376205 464224 391526 416182 300000
10/28/1999 101 376820 462637 387034 410887 302475
3/6/2000 37 382815 465574 382168 408538 301005
SIMBAD
932709
01/14/2000 94 271780 385589 331527 402221 315555
03/06/2000 37 290782 417612 345272 412919 294661
06/09/2001 94 297265 419856 343879 422271 266048
02/28/2002 89/94 307323 425318 333614 414814 252585
03/12/2002 89 303348 419680 315668 409029 224736
SIMBADA 350 380 410 | 440nm | 490 510 560 | 620 nm 670 750 870
07 —Vo*10° nm nm nm nm nm nm nm nm nm
06/09/2001 94 937 [1821 | 1,351 | 2,229 | 3,119 | 2575 | 2,320 | 3,266 3,145 | 3,169 | 2,528
01/04/2002 37/89 935 [ 1650 1,378 | 2,303 | 2,888 | 2,585 | 2,321 [ 3,206 3,140 | 3,224 | 2,681
06/25/2002 89 1034 [ 1600 1,381 | 2,281 | 2925 | 2,580 | 2,335 [ 3277 3,177 | 3,218 | 2,599
07/08/2002 89/101 908 | 1495 1,353 | 2,200 | 2,840 | 2,535 | 2,263 | 3,182 3,187 | 3,223 | 2,492
SIMBADA 107 350 380 410 | 440nm | 490 510 560 | 620nm 670 750 870
09 —V,*10° nm nm nm nm nm nm nm nm nm
06/09/2001 94 853 [ 1,714 | 1,350 | 2,288 | 2,935 | 2,647 | 2,381 [ 3,004 3,171 | 3.249 | 2,246
01/04/2002 89/37 858 | 1555 1,410 | 2,385 | 2,999 | 2,683 | 2,366 [ 2,993 3,170 | 3,301 | 2,377
07/08/002 89/101 836 | 1,383 1,395 | 2,303 | 2,940 | 2,657 | 2,324 | 2,990 3,211 | 3,310 | 2,213
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Table 3.4: Calibration coefficients (relectance/counts) for SIMBAD # 06 and 09 between 1999 and 2002 and for SIMBADA 07
and 07 in 2002.

SIMBAD
#972306 443nm 490nm 560nm 675nm 870nm
08-12-1999 3.8181 2.1922 2.4319 4.2292 8.0289
01-14-2000 3.7650 2.1339 2.3894 4.1096 7.6506
03-06-2000 3.6442 2.1186 2.4042 4.1324 7.7366
08-18-2000 3.7942 2.2376 2.5963 4.3958 8.2380
SIMBAD
#972309
08-12-1999 4931 2.425 2.695 4.312 8.277
01-14-2000 5.0134 2.3451 2.6511 4.2599 7.9370
03-06-2000 4.7363 2.2771 2.6234 4.2219 8.0104
03-28-2001 4.6895 2.2732 2.6727 4.2406 8.5264
01-23-2002* 4.7769 2.3225 2.7864 4.2340 9.3258
01-23-2002 4.7603 2.3178 2.7769 4.2277 9.3403
12-13-2002 5.0143 2.4103 2.9708 4.3152 10.8240
SIMBADA 443nm 490nm 510nm 560nm 630nm | 675nm | 750nm | 870nm
#07
05-20-2002 2.3609 1.9225 1.8932 2.0918 1.4884 | 15571 | 1.4506 | 1.7713
10-31-2002 2.4289 1.9669 1.9223 2.0992 1.4993 | 1.5664 | 1.4609 | 1.8560
12-13-2002 2.4489 1.9943 1.9500 2.1356 1.5170 | 1.5742 | 1.4589 | 1.8768
SIMBADA
#09
05-20-2002 1.5399 2.0929 2.0615 2.4935 1.2154 | 1.3325 | 1.6864 | 1.8725
10-31-2002 2.2459 1.9547 1.9119 2.3122 1.6076 | 1.6098 | 1.5845 | 2.4717
Table 3.5: Sun photometers deployed on the ACE-Asia 2001 cruise of the R/V Ron Brown
I nstrument Type Calibrate | Center wavelengths, per band (nm)
SIMBAD oot | cross 443 | 490 560 670 870
SIMBADA [S)cl)lr;r.m Langley 350 | 380 | 412 | 443 | 490 | 510 | 560 | 620 | 670 | 750 | 870
SIMBIOS Direct | oy e 440 | 500 675 870 | 936
Microtops || Solar
I\NA??QQE;\/: oot | Langley 380 440 | 500 675 870
Fast Rotating
Shadowband ﬁhadow Langley 410 500 615 | 680 870 | 940
: and
Radiometer

*SIMBIOS Project sun photometers are calibrated on land by a cross calibration to CIMEL sun photometers maintained by
the AERONET Project. The CIMEL sun photometers are calibrated with the Langley method at Mauna Loa

23



SIMBIOS Project Annual Report

Table 3.6: Percentage of ACE-Asia concurrent measurements that fall within calculated uncertainties

7
-
= w = Py
2 3 8a =2 o 2
S a s 2 < Q x B
5 = 7S g2 2
2 = >= .g
=
SIMBAD 443 90.6 87.3 83.3 - 88.8
“" 490 89.7 93.9 70.0 734 83.9
“” 560 90.1 - - - 90.1
“" 670 77.3 89.7 66.7 75.8 79.9
“" 870 81.7 88.6 46.7 87.1 85.0
“” Angstrom 95.1 98.3 86.7 98.8 97.3
SIMBADA 412 - - 98.8 98.8
“" 443 90.6 77.0 47.1 - 87.8
“" 490 89.7 76.4 41.2 73.6 84.6
“” 560 90.1 - - - 90.1
“” 620 - - - 73.6 73.6
“" 670 77.3 79.1 35.3 65.7 75.0
“" 870 81.7 73.0 35.3 84.2 80.3
“” Angstrom 95.1 83.8 53.0 89.2 92.1
SIMBIOS -
Microtops 11 440 87.3 77.0 70.0 854
“” 500 93.9 76.4 100. 72.2 82.5
“" 675 89.7 79.1 100. 85.1 86.7
“" 870 88.6 73.0 90.0 94.2 89.8
“” Angstrom 98.3 83.8 100. 99.5 97.6
NOAA-PMEL -
Microtops Il 440 83.3 471 70.0 74.7
“" 500 70.0 41.2 100. 875 70.9
‘" 675 66.7 35.3 100. 93.8 69.0
“" 870 46.7 35.3 90.0 100. 57.3
“" Angstrom 86.7 53.0 100. 100. 84.5
FRSR 410 - 98.8 - - 98.8
“" 500 73.4 73.6 72.2 875 73.1
“" 615 - 73.6 - - 73.6
“" 680 75.8 65.7 85.1 93.8 78.4
“" 870 87.1 84.2 94.2 100. 89.6
“" Angstrom 98.8 89.2 99.5 100. 98.2

Pointing Error Screening

Porter, et a., (2001) and members of the SIMBIOS Project realized that the default measurement protocol for the
Microtops Il were insufficient to remove erroneous data collected when the instrument was not pointed accurately at the sun.
The 2001 SIMBIOS Annual Report, and Knobelspiesse, Pietras and Fargion, (2002), describes the changes to the Microtops |1
measurement protocol and processing to account for these errors. In 2002, the new protocols were implemented in both the
instrument deployment and post deployment processing. Figure 3.11 shows a flowchart of the default measurement protocol
and the new protocol adopted by the SIMBIOS Project. In addition, the entire Microtops 11 data set archived in SeaBASS was
reprocessed to remove data with erroneous sun pointing. Since these data were collected with the default (manufacturer
supplied) protocol, a separate routine was built for this purpose. This routine analyzes the standard deviation of the data
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averaged into each measurement (see figure 3.10), and rejects data whose standard deviation is above a threshold. As aresult, a
large amount of erroneous data were removed from SeaBASS.

Uncertainty Analysis

Separate uncertainty analyses were performed for the Microtops 11, SSIMBAD and FRSR sun photometers. While some of
the components of the uncertainty calculation have yet to be determined, as is the case for the SIMBAD and less so for the
Microtops |1, these values are a starting point which should be very close to the actual value.

The Microtops Il uncertainty analysis was performed using the work of Russel, et al. (1993) and Dubovik, et al. (2000) as
models. Dubovik et al. (2000) was also used as the source of cross-calibration uncertainties, as it presents the uncertainty for
the CIMEL sun photometers used to calibrate the Microtops Il. Equation 3.1 presents the governing equation for Microtops |1

error:
1

2 2 =2 2
d &l st
dta:(:é dm0+§1 9 _V9 +e rg +c ozg +] (3.1)
ma EmV, g €MV 5 &t g éla g H

where dt, isthe AOT uncertainty, t is the total optical thickness, mis the airmass, dm/mis the airmass uncertainty, given as
0.001, av,/V, isthe uncertainty in the calibration coefficient, V,, expressed as 0.015 when cross calibration has been performed
with respect to an AERONET CIMEL, dV/V is the uncertainty in the instrument voltage, with a value of 0.01, dt/t, is the
uncertainty of the Rayleigh optical thickness, 0.005, and dt,/t,; is the uncertainty of the ozone optical thickness. Utilizing the
individual values of t and m, these values are calculated for each data point independently in the SIMBIOS Microtops
processing code. As can be seen in equation 3.1, the Microtops uncertainty has a very slight (due to the low airmass error)
dependency on the value of t, and a stronger inverse relationship with airmass. Details about the calculation of uncertainties
for the SIMBAD and FRSR are written elsewhere (Deschamps et al., 2002 and Miller et al. 2002). Table 3.7 (from Deschamps
et al. 2002) presents the quadratic uncertainty for each band of the SIMBAD.

Table 3.7: Uncertainty of the SSIMBAD AOT (m=1)
Wavelength 443 490 560 670 870
dta +0.021 +0.020 +0.018 +0.011 +0.010

FRSR uncertainties are expressed in terms of airmass, m, as expressed in equation 3.2, where ¢ is a constant defined as 0.036
for the band at 400nm, and 0.028 for all other bands.

a, =& o (3.2)
E&mp
Standard Calculation of the Angstrom Exponent

As there are a number of ways, operationaly, to calculate the Angstrom exponent (by varying the number and
combinations of AOT bands used), the SIMBIOS Project decided to standardize the computation of Angstrom exponent for
archival of data in SeaBASS. The chosen method uses multiple bands and a linear fitting routine to paired wavelength and
natural logarithm of AOT values. The Angstrom Exponent is the negative slope of this fit. Equation 3.3 is an expression of this
computation:

a =-LINFITslope{In(t 5 ).In(t o )N (t 22 ) IN(E o)} (3.3

wherea isthe Angstrom Exponent and t4(1) is the AOT for each band whose center wavelength is between 440 and 870nm.
LINFIT is a linear fitting routine in IDL that minimizes the Chi-square error statistic to fit X (wavelengths, in nm) and Y
(natural logarithm of AOT) to the model Y=A+BX. The Angstrom Exponent, a, is equal to —B, and the Chi-square error
statistic is recorded as the deviation of the data from a perfect linear fit.

This Angstrom Exponent calculation method uses a recursive routine that makes an analytical computation of uncertainty
impossible. To account for this, an Angstrom Exponent calculation method was devised that incorporates the individual AOT
uncertainties and the Chi-square error to determine an Angstrom Exponent uncertainty. This is expressed in equiation 3.4:
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. :-LINFITsIope}[In(t a0 Ht o) I (t o+t o) In(t,, +dt ;). dn(t +dtaN),g a4
FIn(t e~ dt o) Inftay- dty)in(t,, - oty ) dn(ty -dty) b
Essentially, the linear fitting is not performed upon the AOT values themselves, but to pairs of AOT plus or minus
uncertainty. When compared to analytical computations of uncertainty (in two band situations where this is possible), the
uncertainty values are nearly identical if the AOT values follow the Junge Law and do not deviate from a linear relationship.
This fitting approach to computation of Angstrom Exponent has several advantages over the standard two-band approach. The
primary advantage is that it utilizes the entire spectral data set to calculate a parameter intended to represent the spectral nature
of AOT values. This allows greater freedom from possible single band calibration problems, and helps reduce the overal
uncertainty. Furthermore, the uncertainty metric includes not just a propagation of uncertainties from individua AOT values,
but also includes uncertainty for failures of the data to fit the Junge Law.

Matchup Analysis

In 2002, match-ups analysis between AOT data obtained from in situ observations and satellite-derived AOT levels were
again conducted. This was conducted with data collected by SIMBIOS PI’s using the SIMBIOS pool of sun photometers. Over
than 300 cruises were supported by SIMBIOS Program since 1997 and more than 4000 Microtops records and 5000 SIMBAD
records were gathered. The data that have been used are available on the SeaBASS database(http://seabass.gsfc.nasa.gov).
Figure 3.12 shows the match-up results at 865nm obtained with SeaWiFS and MODIS Oceans products. Match-up analysis
were also conducted again using some AERONET ground stations. Table 3.8 provides the AERONET station name, location
(latitude and longitude), and the corresponding responsible AERONET Pls. These sites are located at either coastal or island
stations and were operational for a reasonable length of time after SeaWiFS and MODIS Terra became operational. Match-ups
have been obtained for the SeawWiFS-derived aerosol properties or the MODIS Oceans-derived aerosol properties and AOT
levels calculated from AERONET and SIMBIOS sun and sky radiometer data. The results are presented for AOT 865 in Figure
3.13. Efforts have been made to refine the measurement protocols and the cloud-screening algorithms. Strong efforts have also
been made to associate uncertainties with aerosol optical thickness measured by various sun photometers that compose the
SIMBIOS pool of sun photometers. Match-up results obtained using data collected in the open ocean (SeaBASS database) and
collected by stations in coastal or island sites (AERONET) agree very well. The AOT measured from space is overestimated at
865nm compared to in situ sun photometer measurements. MODIS Oceans and SeaWiFS AOT products are derived using
similar atmospheric correction algorithms. The comparison of SeaWiFS and MODIS AOT products with in situ measurements
agree reasonably well. The slight overestimation at 865nm is probably due the tendency of the algorithm to overestimate the
AQOT in order to derive adequate water leaving radiances.

Table 3.8: AERONET sites used for aerosol matchups analyses (* SIMBIOS Project Office).
Station Latitude | Longitude AERONET PI
Arica -18.47 -70.31 B. Holben
Ascension Island -7.98 -14.41 C. McClain*
Azores 38.53 -28.63 C. McClain*
Bahrain 26.32 50.50 C. McClain*
Bermuda 32.37 -64.70 B. Holben
Anmyon Island 36.52 126.32 C. McClain* & B. Holben
Coconut Island 21.433 -157.79 C. McClain*
Dry Tortugas 24.60 -82.80 K.Voss& H. Gordon
Kaashidhoo 4.97 7347 B. Holben
Lana 20.83 -156.99 C. McClain*
Venise 45.31 12.50 G. Zibordi
Capo Verde 16.73 -22.93 D. Tanre
Nauru -0.52 166.92 M. Miller
Puerto Madryn -42.79 -65.01 C. McClain*
Rottnest Island -32.00 115.30 C. McClain*
SanNicolas 33.26 -119.49 R. Frouin
Tahiti -17.58 -149.61 C. McClain*
Erdemli 36.56 34.25 C. McClain*
Wallops 37.94 -75.47 C. McClain* & B. Holben
Dahkla 23.72 -15.95 C. McClain*
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SeaWiFS AOT 865nm
MODIS AOT 865nm

In situ AOT 865nm - - In situ AOT865nM

Figure 3.12: SeaWiFS/MODIS — In situ matchups for AOT at 865nm using data collected by the SIMBIOS
PI’s since 1997 using the MicroTops and SIMBAD sun photometers in the Open Ocean.

SeaWiFS AOT 865nm
MODIS AOT 865nm

In situ AOT 865nm In situ AOT865nm

Figure 3.13: SeaWiFS/MODIS — In situ matchups for AOT at 865nm using data collected by the CIMEL
sun photometers provided by the SIMBIOS Project and maintained by the AERONET group.

3.7 CALIBRATION ROUND ROBIN
Calibration round-robin intercomparison experiments are conducted by the SIMBIOS Project. The specific goals are to:

verify that all laboratories are on the same radiometric scale

detect and correct problems at any individual laboratory in atimely fashion
enforce the common use of calibration protocols

identify areas where the calibration protocols need to be improved
document the calibration procedures specific to each laboratory.

The participating laboratories include academic institutions, government agencies and instrument manufacturers that
either directly or indirectly contribute to SeaBASS (see section 3.4). In the year 2002, the participating laboratories of the
second SIMBIOS Radiometric Intercomparison SIMRIC-2 include:

Naval Research Laboratory (NRL), Optical Sensing Section, Code 7212, Washington, DC
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NASA Code 920.1 Calibration Facility, Greenbelt, MD

Wallops Flight Facility, NASA Code 972.0, Wallops Island, VA

Marine Optical Buoy (MOBY), Honolulu, HI

Scripps Institution of Oceanography, University of California, San Diego, CA
Biospherical Instruments Inc., San Diego, CA

The Institute for Computational Earth System Science (ICESS), University of California at Santa Barbara, CA
Marine Science Laboratory at the University of South Florida, FL

Atmospheric and Ocean Optics Laboratory at the University of Miami, FL

Satlantic Inc., Halifax, Canada

Stennis Space Center, MS

The above laboratories were visited by SIMBIOS staff with a NIST designed and calibrated radiometer, the SeaWiFS
Transfer Radiometer Il (SXR-II), described in Johnson et al., 1998a. The light sources of MOBY were measured during a
NIST calibration in Gaithersburg, Maryland. The radiances produced by the laboratories for calibration were measured in six
channels from 411 nm to 777 nm and compared to the radiances expected by the laboratories. A NASA-TM (Meister et al.,
2003) documents the various calibration procedures in these laboratories, eval uates the comparison results, and discusses areas
where the calibration protocols should be improved. Furthermore, several characteristics of the SXR-1I (e.g. its radiometric
stability and its field of view) are described.

The major result of the SIMRIC-2 is that typically the SXR-1I measured radiances agree within the combined uncertainties
with the expected radiances, see Figure 3.14. This level of agreement is satisfactory. Relatively high differences were found at
777 nm for several |aboratories, which may indicate a problem with the baffling material. Several issues identified during the
preceding round-robin SIMRIC-1 (e.g. reflectance calibration of the reference plagues, NIST 2000 irradiance scale, effective
distance correction) still need to be addressed by several laboratories. For those participants who also took part in the SIMRIC-
1, preliminary results indicate that their calibration radiances were stable. At Wallops Flight Facility, a protocol error in the
positioning of the calibration lamp was detected. At the University of Miami, differences between 2 % (441 nm) and 6 % (777
nm) were found, the reason for these discrepanciesis still under investigation. Preliminary results from the University of South
Floridaindicate that their calibration sphere provides the required linearity.

Expected - Measured

3
S —®—MOBY OL 420 W6
g 1 M\A / GSFC Hardy 6 lamps
3 B ——— ! NRL FEL F-400
8 -1490 500 600 700 800 | —¢— Scripps
=

-3

Wavelength [nm]

Figure 3.14: Comparison of the radiances measured by the SXR-11 at some of the laboratories participating in the SIMRIC-2
and the radiances expected by these laboratories. The differences (expected radiance minus measured radiance) are plotted in
% as a function of wavelength. Note that the SXR-I1 values in channel 1 at 411 nm are about 2 % too low for the MOBY and

Scripps data sets and will be corrected after the new NIST calibration for the SXR-11 is available (presumably in the beginning
of 2003).

The SXR-1l was calibrated by NIST in December 2000 and December 2001 on SIRCUS (Spectral Irradiance and Radiance
Calibrations with Uniform Sources), which is a calibration facility that combines the use of tunable lasers and integrating
spheres. The two calibrations revealed that the sensitivity of the 441 nm channel of the SXR-II increased during 2001 by about
1.6 %, whereas the other channels changed by less than 1 %. A third calibration is scheduled for January 2003. The radiometric
stability of the SXR-Il from November 2001 to November 2002 was monitored by two SeaWiFS Quality Monitors, whose
basic design is described in Johnson et al., 1998b. The SIMBIOS Project uses an SQM from YES, Inc. (OCS-5002) and an
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SQM from Satlantic, Inc. (SQM-I11). The stability of both SQMs was comparable during 2002, with long term variations of less
than 1 %. Both SQMs indicate a 2 % drop of the 411 nm channel of the SXR-1I in September 2002, similar to the behavior
measured in the summer of 2001. The time series of the SQM/SXR-11 measurements for 2002 were acquired in the SIMBIOS
Optical Laboratory, which was taken in operation in the beginning of 2002. The SIMBIOS Project is preparing to enhance its
radiometric measurement capabilities with an irradiance radiometer that will participate in the calibration round-robin in the
following year, and with the operation of FEL lamps in the SIMBIOS Optical Laboratory for improved long term stability
measurements.
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Chapter 4

Adaptation of a Hyper spectral Atmospheric Correction Algorithm
for Multi-spectral Ocean Color Data in Coastal Waters

Bo-Cai Gao, Marcos J. Montes, and Curtiss O. Davis
Remote Sensing Division, Naval Research Laboratory, Washington, D.C.

4.1 INTRODUCTION

This SIMBIOS contract supports several activities over its three-year time-span. These include certain computational
aspects of atmospheric correction, including the modification of our hyperspectral atmospheric correction algorithm for various
multi-spectral instruments, such as SeaWiFS, MODIS, and GLI. Additionally, since absorbing aerosols are becoming common
in many coastal areas, we are incorporating the calculation and incorporation of various absorbing aerosol models into tables
used by our atmospheric correction algorithm. Finally, we will use MODIS data to characterize thin cirrus effects on aerosol
retrieval.

4.2 RESEARCH ACTIVITIES

Our main accomplishment this year was to complete modifications of our hyperspectral atmospheric correction algorithm
(Gao et a. 2000; Montes et a. 2001) to make versions compatible with MODIS and SeaWiFS, and to apply the derived
algorithm to various scenes. We have successfully compiled and run a pixel-to-pixel version of this algorithm (previously we
averaged scene geometry in boxes) on severa platforms.

The pixel-to-pixel version runs reasonably fast, about 9 minutes for a MODIS pass on a 195MHz SGI Octane. A key
feature of the new code is that is a generic Fortran 90 code that can be modified
for other multispectral sensors, such as GLI and MERIS. This modular source code aso allows enhancements, such as the
Asian dust model, to be easily propagated to the versions for all multipsectral sensors.

Each version was compiled on both SGI and Linux workstations. The Linux version is at the SeaWiFS project office for
further testing. The source code has also been shared with Arnone et al. at NRL Stennis so that they can help with the testing.

We are actively planning to participate in field observations of Asian Dust events over the Monterey Bay area in April,
2003. This is a cooperative experiment with a variety of in-water and airborne measurements by researchers from Moss
Landing and NRL-Monterey; additionally, we are planning to mount our PHILL S hyperspectral imager on the CIRPAS aircraft
that will carry a suite of instruments to characterize the Asian dust aerosols, given the repeat of dust events seen in April for the
last several years. We will fly the aircraft above, through, and below the dust layer. We will time the flight to obtain coincident
data from SeaWiFS, MODIS (both Terra and Aqua), and MERIS. The aerosol measurements will allow us to create an Asian
dust model for our lookup tables. These new lookup tables will be used to correct images acquired from the various
hyperspectral and multispectral sensors. The in-water measurements will provide data for closure experiments.

4.3 RESEARCH RESULTS

The modification of the algorithms has proceeded to a purely pixel-to-pixel version, where we calculate the geometric
effects for each pixel. This requires us to interpolate across the geometric dimensions of the lookup table for each pixel. There
was a substantial modification from the original box-averaged version, especially in getting it to run reasonably fast.

We have processed several scenes of MODIS and SeaWiFS data with the pixel-to-pixel versions of the atmospheric
correction code. Our algorithm and Gordon’s algorithm return very similar results over areas of the open ocean. Our agorithm
makes use of both the ocean channels of MODIS, as well as the land channels. Use of the land channels allows us to perform
atmospheric corrections in certain turbid areas where the normal algorithms fail — for example, in areas with enough sediment
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so that there is measurable signal at 0.75 micron. Our results for a sediment rich area are shown Figure 4.1; Gordon’s algorthm
does not provide a result for this area. The land channels also provide some much-needed redundancy in cases when the ocean
channels saturate, as over some coccolithophore blooms, and in some areas with high concentrations of sediments. Some
results from an area of a coccolithophore bloom are presented in Figures 4.2 and 4.3.

Our analysis has pointed to several modifications we hope to have in place by the end of calendar year 2002. First, while
the use of MODIS land channels gives us the ability to perform retrievals over brighter areas, they are probably not sensitive
enough to use over the more typically dark areas of the ocean. Thisimplies that we will need to automatically be able to switch
methods depending on the radiance in certain land and ocean channels. Second, we will add the ability to correct for ozone on a
pixel-by-pixel basis, instead of using a single value for a whole scene. Third, we need to investigate the possibility of using
wind speed data on a pixel-by-pixel basis. Wind speed controls both specular reflection of the ocean, and the amount of foam
on the surface of the ocean.

Other areas of research include Gao’s collaborations to study methods of discriminating the effects of cirrus clouds and
aerosols at longer wavelengths (Gao et al., 2002) and agorithms for masking sediment laden waters where it is necessary to
use longer wavelengths to achieve any atmospheric correction (Li et al., 2002).
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Figure 4.1: Atmospherically corrected reflectance from a MODIS image off the coast of Eastern Australia. The long dashes
connect the sets of land channels (open diamonds), and the short dashes connect sets of ocean channels (plusses). These results
were derived using some of the land channels and the pixel-to-pixel version of Tafkaa to determine an atmospheric correction.
Note, in particular, that our results yield significant water leaving radiance at 0.75 micron. Water leaving reflectance cannot be
retrieved for pixels like this one using Gordon’s algorithm.
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Figure 4.2: The at-sensor apparent reflectance from a MODI S image of the English Channel, 2000 June 25, comparing results
from land and ocean channels from two different pixels in a coccolithophore bloom. The long dashes connect the land
channels, and the short dashes connect ocean channels. The open diamonds (land channels) and plusses (ocean channels) are
from pixel A, which is clearly saturated in the fifth and seventh ocean channels from the left. Spectra from nearby unsaturated
pixel B are shown with open triangles (land channels) and asterisks (ocean channels).

4.4 FUTURE WORK

We have made progress in modifying our atmospheric correction algorithm to be used with multi-spectral data from
MODIS and SeaWiFS. Our algorithm takes advantage of MODIS' long wavelength and land bands to provide atmospheric
correction over brighter ocean scenes including sediments and coccolithophore blooms. These algorithms now use the
complete geometry of each pixel. Our results are promising, especially over turbid areas. We are in the process of refining our
algorithms and are involved in testing with both groups working with the SIMBIOS program at GSFC and NRL-Stennis.
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Chapter 5

Bio-Optical M easurementsin Upwelling Ecosystemsin Support of
SIMBIOS

Francisco P. Chavez, Peter G. Strutton, Victor S. Kuwahara and Eric Drake
Monterey Bay Aquarium Research Institute, Moss Landing, California

5.1INTRODUCTION

The equatorial Pacific is a key component of global biogeochemistry. This upwelling system, which spans one quarter of
the Earth’s circumference, has significant implications for global CO, fluxes (Tans et a., 1990; Takahashi et a., 1997; Feely et
a., 1999), as well as primary and secondary production (Chavez and Barber, 1987; Chavez and Toggweiler, 1995; Chavez et
a., 1996; Dugdale and Wilkerson, 1998; Chavez et a., 1999; Strutton and Chavez, 2000). The region also represents a large
oceanic (case 1) region over which validation data for SeaWiFS are necessary. This project consists of an optical mooring
program and cruise-based measurements aimed at quantifying the spectrum of biological and chemical variability in the
equatorial Pacific and obtaining validation data for SeaWiFS. Since 1997, the MBARI equatorial Pacific program has
demonstrated ability to:

obtain high quality, near real time measurements of ocean color from moored platforms in the equatorial Pacific;
process these data into files of the required format for routine ftp to the SeaBASS database;

obtain robust ship-based optical profiles and pigment concentration measurements, also for submission to
SeaBASS;and

process and interpret the time series, satellite and ship-based data in order to quantify the biogeochemical processes
occurring in the equatorial Pacific on time scales of days to years (Chavez et al., 1998; Chavez et al., 1999; Strutton &
Chavez, 2000; Strutton et al., 2001; Strutton & Chavez, submitted).

5.2 RESEARCH ACTIVITIES

Moorings

Chavez et al. (1998; 1999) and McClain and Fargion (1999) describe the configuration of the MBARI bio-optical and
chemical instruments deployed at 0°, 155°W and 2°S, 170°W; two of the 70 moorings which form the Tropical Atmosphere
Ocean (TAO) array. From these locations, daily bio-optical and chemical data collected at local 10 am and noon (approximate
time of MODIS and SeaWiFS overpasses, respectively) are transmitted via service ARGOS to MBARI, and then displayed on
the web at: http://bog.shore.mbari.org/~bog/oasis.html.

Higher frequency, publication-quality data (15-minute intervals) are also recovered at approximately six month intervals,
and sent to the SeaBASS database after rigorous quality control. Derived products, such as water leaving radiance (Lw), and
remote sensing reflectance (Rrs) are included in these data files for validation efforts. In the past, Lw has been calculated via
three different methods (McLain and Fargion, 1999b), but is currently calculated only as follows. The diffuse attenuation
coefficient (K1) over the upper 20m of the water column is calculated using Edsn and Edbom. then using this Kl , Lugn is
extrapolated back to just below the surface. This parameter (L) is multiplied by 0.544, to account for transmission across
the air-water interface, to obtain Luyn.. Of the three methods previously used, this has been shown to be the most reliable,
because the 3m+ and 20m- instruments are less susceptible to fouling. With the addition of a 10 m hyperspectral radiometer,
the efficacy of this method can now be assessed. During 2002 our data processing, quality control and data provision
capabilities have improved. The following quality control procedures are currently applied to our data:
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Measured surface-incident irradiance (Es) must be less than 1.15 times modeled, clear-sky Es (Frouin, 1989).

KI must be greater than that of pure water (Morel, 1988).

OC4V4 chlorophyll is calculated for the Rrs ratios of 412/555, 443/555, 490/555, and 510/555 and the coefficient of
variance is calculated for each sample. Coefficients of variance less than 0.4 are acceptable.

Time series of all parameters at all wavelengths for al individual instrument deployments are plotted together as one
long time series to identify discontinuities between deployments, due to problems such as vandalism and calibration
issues. Normalizing specific wavelengths against others, and investigating between-deployment differences in the
ratio can improve this technique.

In the coming year we hope to finalize improvements of these criteria and use the results to perhaps modify mooring
and instrument configurations.

With the buoy design and data acquisition protocols now proven in the field, we are making significant advancements to
the quantity and quality of optical data collected during this funding period. In October 2001 HOBIL abs hyperspectral HR3s
were deployed at a depth of 10 m at both equatorial Pacific moorings - 0° 155°W and 2°S 170°W - to augment the discreet
wavelengths collected at 20 m. These configuration changes produced data of significantly higher quality for almost the same
cost as the existing discrete-wavelength instruments. These instruments were recovered in June 2002 (new HR3 units were
subsequently deployed after recovery) providing hyperspectral data consisting of :

downwelling irradiance above the surface (3m)
downwelling irradiance and upwelling radiance at 10m depth.

The Hydrorad data are available in programmable bin sizes (highest resolution 0.37nm), over the range ~300 to 850nm,
but for deployment in the equatorial Pacific, data have been binned to ~2nm resolution. We also successfully recovered and
deployed HOBILabs Hydroscat 2 (HS2) instruments fitted with new copper anti-fouling shutters. The HS2 measures
backscatter and fluorescence at two wavelengths. With the deployment of these new instruments, in particular the hyperspectral
radiometers, we have been able to submit optical data beyond our initial deliverables as stated in the SIMBIOS grant, and can
better support new and forthcoming ocean color missions such as MODI S, and the development of ocean color algorithms that
will go beyond chlorophyll to other pigments.

Optical Profiling Measurements

On mooring maintenance cruises, optical profiles of the upper 100 m of the water column are performed, daily when
possible, close to local noon. The instrument used is the Satlantic SeaWiFS Profiling Multispectral Radiometer (SPMR).
Profile data are processed using Satlantic’s ProSoft software, and a suite of derived products, including diffuse attenuation
coefficients (K1), normalized water leaving radiances (Lwn) and light penetration depths are obtained. Parameters of interest
(mostly Lwn) are provided to NASA post-cruise, and the profile data are archived at MBARI aong with existing optical
profiles from almost every oceanic province.

In Stu Measurements

Table 5.1 summarizes the cruises undertaken by MBARI this fiscal year in support of SIMBIOS. Essentialy, the cruise-
based measurements consist of chlorophyll (using the fluorometric method described by Chavez et al. (1995) and nutrient
profiles (8 depths, 0-200m) obtained at CTD stations between 8°N and 8°S across the Pacific from 95°W to 165°E. A
comprehensive collection of the shipboard data can now be viewed at: http://www.mbari.org/~ryjo/tropac/sections

An example is shown in Figure 5.1. On selected cruises (the 155°W and 170°W meridional transects), HPLC samples are
collected and productivity (**C, °N) measurements are also performed. These data are archived at MBARI and the pigment
data provided to the SeaBASS database for algorithm development. Figure 5.2 shows good agreement between fluorometric
and HPLC (CHORS; Center for Hydro-Optics & Remote Sensing/SDSU) chlorophyll a concentrations.
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GP8-99-RB, 110W: 11-NOV-1999 TO 19-NOV-1999

e 5°8 2°5 0° 2°N 5°N 8°N

Figure 5.1: An example of the data that are collected along each north-south transect of the TAO array during mooring
deployment cruises (see also http://www.mbari.org/~ryjo/tropac/sections). The data sections span 8°N to 8°S along 110°W
from the surface to 200m, 11-Nov-1999 to 19-Nov-1999 — a period or moderate tropical instability wave activity. Significant
zonal and meridiona velocity anomalies are visible, and chlorophyll maximum, usually centered at the equator, is clearly
shifted to the north. CTD temperature and salinity data are courtesy of Greg Johnson and Kristy McTaggart at NOAA/PMEL;
ADCP data are courtesy of Eric Firing's group at the University of Hawaii. Only NO3 data are plotted, but corresponding
sections of NO2, PO4 and SiO4 exist.

5.3 RESEARCH RESULTS

Biogeochemical Cycles

Several publications describing ecosystem variability in the equatorial Pacific have been produced under MBARI's
SIMBIOS funding. Chavez et al. (1998) used mooring data from 0°, 155°W to describe the biological-physical coupling
observed in the central equatorial Pacific during the onset of the 1997-98 El Nifio. Chavez et al. (1999) combined the physical,
biological and chemical data from moorings, ships and SeaWiFS to provide a comprehensive view of the ecosystem’s response
to the extreme physical forcings experienced during the 1997-98 El Nifio. Strutton and Chavez (2000) summarized the in situ
cruise measurements spanning the period from November 1996 to December 1998, and used these data to describe the
perturbations to chlorophyll, nutrients and productivity during the same time period. Strutton et al. (2001) used time series
from smaller Satlantic bio-optical packages and SeaWiFS imagery, to quantify the extreme anomalies in chlorophyll associated
with the passage of tropical instability waves (TIWSs) during the second half of 1998 and 1999. These data not only quantified
the magnitude of the chlorophyll anomalies observed, but also helped to elucidate the mechanisms potentially responsible for
the concentration of chlorophyll in association with TIWSs.
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Figure 5.2: Regression model comparing in situ Chlorophyll a determined by a Turner
fluorometer at sea versus HPLC-derived Chlorophyll a (CHORS). Samples were collected
from both the equatorial Pacific and Monterey Bay. The one-to-one line is plotted

In addition to the manuscripts just described, Chavez et al. (2000) documented the design, and demonstrated the efficacy
of the shutter mechanism which protects the 20 m radiometer on the moorings from fouling. Further, we have been actively
working on the mooring chapter for the 4th revision of the Mueller protocols TM. Other manuscripts currently in preparation
include a book chapter for submission to a CRC Press publication (Strutton et a. In prep), a paper describing the evolution of
the 1998 La Nifia blooms (Ryan et al, in press), a manuscript describing the biological component of the equatorial Pacific heat

budget (Strutton and Chavez, in revision), and a paper that analyzes the time series of optical data collected at the mooring
location (Kuwahara et a., in preparation)

SeaWiFS Calibration/Validation

Currently, we are focusing on improving our data analysis and quality control methods of the full mooring records (1996-
2002) for both moorings in conjunction with the recently reprocessed SeaWiFS data. Analysis and improvements to quality
control methods continue on the reprocessed data. These data have been uploaded to SeaBass. Figures 5.3 shows our most
recent update of the time series of Lwn. Note: Lwn collected from the upwelling region is more variable than data collected
from EP2 which is less susceptible to upwelling.

McClain and Fargion (1999b) showed matchup data derived from optical profiles of the SPMR in the equatorial Pacific.

The mooring data collected at EP1 (excluding the anomalous El Nino year) indicated good agreement between the satellite-
and profile-derived water-leaving radiance values (Figure 5.4)

5.4 FUTURE WORK

Despite unavoidable setbacks related to vandalism, the two major mooring installations at 0°, 155°W and 2°S, 170°W are

operating relatively well. The results from the deployment of hyperspectral and backscatter instruments at both moorings are
promising, and will better support validation efforts for ocean color missions.
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Figure 5.3: The time series of normalized water-leaving radiance, Ly, [MW cni nm® sr7Y], derived from the L, and K data
obtained from MBARI optical instruments on the TAO moorings at 0° 155°W (EP1) and 2°S 170°W (EP2). The data have
been subject to quality control as described in methods.
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Figure 5.4: Water leaving radiance matchups between SeaWiFS, EPL (0, 155W) optica mooring, and SPMR profiles (where
applicable) from June 1998 to Oct 2001. Anomalous data collected during the 1997 — 1998 El Nino period were not included.

The number of matching points between SeaWiFS and the optical mooring at 412, 443, 490, 510, and 555 nm were, n = 245,
238, 236, 208 and 210, respectively. For SPMR profiles, n = 10.
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This year alone we have conducted over 50 SPMR profile casts, analyzed more than 2500 shipboard chlorophyll
measurements, processed over 500 nutrient samples, processed 200 a* samples and collected close to 500 HPLC samples.
Currently, we are analyzing over 400 HPLC samples in conjunction with optical profile data. The program of cruise-based
measurements as described above will continue on eight equatorial Pacific cruises during 2003-2004, with scheduled SeaWiFS
LAC where applicable.
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Table 5.1: Summary of cruises during whichin situ data havebeen obtained by MBARI in support of SIMBIOS. All cruises are
undertaken aboard the NOAA ship Ka'imimoana, with the exception of GP6-02-RBaboard the Ronald H. Brown. Meridional
transects indicate the lines occupied by the ship. Along each line, CTD stations were performed approximately every degree of
latitude from &N to 8S, and every 0.5° between 3°N and 3°S. Measurements consisted of chlorophyll (Chl) plus nitrate,
phosphate and silicate (Nutrients) at 8 depths between 0 and 200m. On selected cruises, primary production (PP) and new
production (NP) measurements were also made using **C and °N incubation techniques, respectively. Daily optical profiles
were obtained using the Satlantic SeaWiFS Profiling Multispectra Radiometer (SPMR) where indicated.

Cruise ID Dates Meridional transects M easurements
Chl, NP, PP, Nutrients,
GP7-01-KA 27-Sep-01 to 25-Oct-01 155W and 170W SPMR, a*, HPLC
GP8-01-RB 14-Oct-01 to 14-Nov-01 95W and110W Chl, Nutrients, a*
GP9-01-KA 30-Oct-01 to 25-Nov-01 165W and 180W Chl, Nutrients, a*
GP1-02-KA 04-Mar-02 to 5-Apr-02 95W and110W Chl, Nutrients, a*
GP2-02-KA 08-Apr-02 to 13-May-02 125W and 140W Chl, Nutrients, a*
Chl, NP, PP, Nutrients,
GP3-02-KA 29-May-02 to 30-Jun-02 155W and 170W SPMR, a*, HPLC
GP4-02-KA 04-Jul-02 to 29-Jul-02 165W and 180W Chl, Nutrients, a*
GP5-02-KA 16-Aug-02 to 16-Sep-02 140W Chl, Nutrients, a*
Chl, NP, PP, Nutrients,
GP7-02-KA 02-Oct-02 to 01-Nov-02 155W and 170W SPMR, a*, HPLC
GP6-02-RB 07-Oct-02 to 08-Nov-02 95W and110W Chl, Nutrients, a*
GP8-02-KA 04-Nov-02 to 07-Dec-02 165E and 180 Chl, Nutrients, a*
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Chapter 6
Satellite Ocean-Color Validation Using Ships of Opportunity
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6.1 INTRODUCTION

Our investigation's objective is to collect from platforms of opportunity (merchant ships, research vessels) concomitant
normalized water-leaving radiance and aerosol optical thickness data over the world's oceans. A global, long-term data set of
these variables is needed to verify whether satellite retrievals of normalized water-leaving radiance are within acceptable error
limits and, eventually, to adjust atmospheric correction schemes. To achieve the objective, the volunteer officers, technicians,
and scientists onboard the selected ships use portable SIMBAD radiometers. These instruments are specifically designed for
evaluation of satellite-derived ocean color; they measure radiance in spectral bands typical of ocean-color sensors, i.e., at 443,
490, 560, 670, and 870 nm. Aerosol optical thickness is obtained by viewing the sun disk like a classic sun photometer.
Normalized water-leaving radiance, or marine reflectance, is obtained by viewing the ocean surface through a vertical polarizer
in a specific geometry to minimize direct sun glint and reflected sky radiation, i.e., near the Brewster angle at a relative azimuth
angle of 135 degrees with respect to the sun. The SIMBAD data collected, after proper quality control and processing, are
delivered to the SIMBIOS project office for inclusion in the SeaBASS archive. They complement SIMBAD data collected
similarly by the University of Lille, France.

The SIMBAD data are used to check the radiometric calibration of satellite ocean-color sensors after launch and to
evaluate derived ocean-color variables (i.e., normalized water-leaving radiance, aerosol optical thickness, and aerosol type).
Analysis of the SIMBAD data provides information on the accuracy of satellite retrievals of normalized water-leaving
radiance, an understanding of the discrepancies between satellite and in situ data, and algorithms that reduce the discrepancies,
contributing to more accurate and consistent global ocean color data sets.

6.2 RESEARCH ACTIVITIES

During the period from 01 October 2001 to 31 October 2002, SIMBAD measurements were made during 10 research
cruises of opportunity, bringing to 62 the number of campaigns with SIMBAD measurements realized during the period
October 1996-Otober 2002. The 10 cruises are listed in Table 6.1 with name of cruise, SIMBAD instrument(s) used, region of
measurements, name of operator, and dates of measurements. The location of the measurements is displayed in Figure 6.1. The
data were collected mostly off the West Coast of the United States and Baja California, Mexico (CalCOFI and IMECOCAL
cruises) and in the Atlantic Ocean between Kiel, Germany and the Antarctic Peninsula (IOFFEO 0102 cruise). The advantage
of the IMECOCAL cruises, compared with the CalCOFI cruises, is that they take place in a less cloudy region, offering the
possibility of more match-ups with satellite observations. The measurement program during the IOFFE0102 cruise included
not only SIMBAD measurements, but also collection of water samples for pigment and absorption analysis. The AMLR2002
cruise was accomplished under mostly cloudy conditions, and the SIMBAD instrument malfunctioned during the CalCOFI
0201 cruise (no data at 870 nm). A total of 1210 complete SIMBAD data sets were processed and transferred to the SeaBASS
arch